sygared the first “Pill” is lost 
dawn of history, but our use 
s and extraneous “copy” is 
for one reason,—to intrigue 
nensate the Reader. If you 
r advertising claims “Extrava- 
isit us at the Steel Show, and 
vou castings, records, pho- 
ials, to back them up. 


go places and see things 
vou have wings, combining 
elation and transportation. 
Day | took in the National Air 
t Cleveland, then hopped over 
e the course at the “Gold Cup” 
nal Speed Boat Race at De- 
[he snap-shots I took from the 
page 7) will appear in several 
¢ publications. Thirty-two of my 
were published last month, 
¢ from the Chicago Tribune to 
of Financial World, and lm 
bored taking them. 


\T Otto Hagenburg; German, 
pion Aerobatic Flyer of 


flew upside-down with head 


g ground by 6”—5”*—-4”—_3” 
then 0". His temples dragging, 


| plane were rolled into a 
hip completely scrap. He stag- 
railing blood, to the ambu- 


lwo days later,—how’s this 
'S-he borrowed the sporting 
Papana’s (of Roumania) 
smeister” plane, thrilled the 
th whip-stalls, inverted fly- 
utside loops,—this while 
‘re looking for him at the hos- 
he Women Pilots, you can tell 
their sunburned knees, were 
rhe girls were afraid to 
just sisterly distrust of 
g, so they let them race one 
e. One was beefing, “The cost 
2 lessons is bad enough, but on 
th he must put out for fancy 
ist In case they bring you 


gether 


have any hot conveying prob- 
ee us at the Steel Show. 


pad. PROGRESS is reprinted and 
ru to Executives of companies 

ng A.S.M. members, and to se- 
hembers. The September 
special full page mes- 
Eisenman urging at- 
Steel Show. 11,000 ad- 
G.A. direct mail. 
dance, are going out 


Sen Sing tention of Industry on 

ry d Technology, A.S.M. 
bigger field for the 
ased the earnings of, 
, Steel treater, and 
Metals Industries. 


“Bill” Eisenman’s efforts have put ex- 
tra $ in thousands of pay envelopes. 
Nowhere can $10 buy what it buys in 
A.S.M. Membership. 


have spent my business life with 

the “Steel Treaters” and A.S.M.; en- 
joy these associations as friendships 
ripen through the years, and each 
“Steel Show” is a milestone for us all. 
On the pages that follow you will see 
a range of alloy experience and a va- 
riety of foundry practice that cannot 
be equalled by the combined experi- 
ence of an industry. Study this dou- 
ble page spread on foundry practice, 
it’s a credit to American craftsmen. 


FIREWORKS 
We always try to get all the 
angles possible Whether it's 
limbing under a furnace, or up 
yn top of a fireworks display, 


you can depend on G.A. to do 
the unusual thing, and bring 
back results 

With The King building an “L” 
Boat, and everybody admitting 
hi Range! ha out-jayed 
the ‘J’ Boats fo time, this 
view hrough the of the 
five J off Marbleh« clud 
ng Range ‘ wo Endeav- 
probat ows the ast 


big “J” race 


HINGED-TRAYS 


If you have any doubt that 
hinged-trays will ave money 
in your furnaces drop into 
G.A. Booth at the Steel Show 


— 
Fintéretkio Fioin= & by | 


John Heckman, District Sales Megr., 


Cc. R. **Slats”’ Slehsby, Milwaukee 
“Bill”. Bender, Pittsburgh Roy Lynd, Buffalo Walter Hazelton Bill Fitzpatrick Ken Brintlin 
Philadelphia Field Metallurgis 


A. L. Grinnell, Detroit Sales Manager 


Chicago 


Field Engineer. Detroit 


Make General Alloys. 


NO organization is stronger than the men 
. who serve its customers. You can find 

all of these men when you want them ~ 
when you find them together at the _ 
steel show you will meet compe- 
tent, substantial, experienced alloy 
men, the only national engineer- 
ing organization in this industry. 


Whitey” Valen- 
tine, Dayton 
(ascve) 


“Jerry” 
Donovan 


“Hal 

| I 
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COMPANY 


US AIRPORT 


Qeatioys y 


SUPER STAINLES 


FEDERAL SHIPBUILDING 
DRYDOCK CO 


LLOYS COMPANY 


| E R 
NT 


“PAIGN 367-405 W. FIRST ST., BOSTON, MASS. 
A! 


PRINCIPAL CITIES 
— CORROSION — ABRASION RESISTANT CASTINGS 


ARGEST EXCLUSIVE MANUFACTURERS OF HEAT 


= 


— alloy exhibitor sngs then all 


\ 
mel 


These highly diverse castings 
shown to strengthen your conviction that there 
is no substitute for experience and—if you / 
know alloys—that General Alloys has no / 


STEEL SHON — 


patterns and more comprise the foundry © 
ince of the oldest and largest exclusive man- 
of heat and corrosion resistant castings. 


__ the casting of complex alloys is still more an art 
‘# science and General Alloys’ New England 
excel in that art as General Alloys’ al 


| 


iy ‘2 


9 } 
A 


"General Alloys Company, of the facilities 


“COMPLEX so a new 


development—there is still no literature 
the jal ecouse of 


‘the tremendous variety of analyses, prop- — 


erties, forms and applications, the business 


E our operations are subject to 
_ progress we can find no substitute for the 

fine hand molding craftsmanship in our 


ALLOYS hove in 
than 30,000 different forms, each with 


NO FURNACE 


business, very little of it on a production 
basis. Casting complex alloys is not amen- 
able to the volume inspections and control 
a sheet mill—nor can many machines 
steel foundry labor be utilized. tae 


ENERAL Alloys’ 100% 

manufacture of complex alloys—no- | 
where is there such a fund of experience as _— 
this company. 


tainers—in which we uve’ the 
largest and lowest cost per heat hour a 


installations — or complex corrosion re- 


sisting alloys—here we have a unique 
record—you can certainly find no one 
3 


IS BETTER THAN IT 
- SPECIFY GENERAL ALLOYS CAST PARTS AND GET THE £9) 


‘EST 


| Company Merits Yougmusiness on the Basis of Unequalled ce — Quality — Servic 
a 
Backed bv National Enuinesting Service 
a_iINational Engineering ervice _ 
— 
| > | 
4 = 4 SS 
if 
NYZHETHER your requirements are con- 
EE 
_ EB shops and no substitute for years of alloy ~ 7 
| 
| 


id shoot up at 
Ch Lete rr, 


C Flown an 


GENERAL ALLO 
GOMPANY 


BOSTON 


4 7 
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LOOK! 


at these photos of 


CALITE 


Furnace Parts for 


Prominent Furnace Builders 


WHY? 


Lowest Cost per Heat Hou: 


due to... | 


(Cenbitugally Cas Highest Creep Strength 


(Load Carrying Under Heat) 


Permanent Ductility 
Full Engineering Data 


Superior Foundry Technique fro 


Centrifugal Casting 
_— ® Widest Selection of Hi-Temp. Metals 
14 YEARS EXPERIENCE 


ROTARY HEARTH 
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Status of 
Welding in 
19.374 


By Leon C. Bibber 
Welding Engineer 
and Elmer Gammeter 
Metallurgical Division 


Carnegie- Illinois Steel Corp. 


Photographs selected by the Editor) 


19 37 HAS SEEN the greatest increase 


in the use of welding since it left 
the blacksmith’s forge, a_ fact 
ealized by few people not directly connected 
‘h the welding industry. The extent to which 
‘lding enters into everyday affairs is seldom 
/preciated even by engineers who are working 
‘i metals. Welding has revolutionized the 
‘iufacture of practically ali metal articles; 
m the railway car and the automobile body 
Which we ride to the electric lamp which 
‘sour homes; from the child’s toy to mas- 
‘rolling mill machinery; from small cooking 
isils to the huge stills used in the chemical 
‘try. Welding is not limited to any one 
‘al or group of metals — it has, as a result 
versistcnt and painstaking research, con- 
ered practically all the metals now in com- 
mercial 
By virtue of the fact that joints of 100°; 
icleney can be secured, designs which were 


MAY 


MU 


Giant Salt Maker, an Evaporator 12 bt. Diameter by 50 
ht. Long: Shell of Steel Plate, Are-W elded by Wellman 


Engineering Co. (Courtesy of Lincoln Electric Co.) 


impossible with the older jointing methods are 
now everyday affairs; because structures can be 
made with greater resistance to fatigue and 
vibration by welding than by any other means, 
the present day automobile and other moving 
structures are possible; because of the great 
savings in weight that can be made by welding, 
giant mobile machines such as earth graders, 
trenchers, excavating machinery and concrete 
mixers are now doing work unheard of some 
few years ago. 

Welding has entered all fields of engineer 
ing. The mechanical engineer could not have 
the light, strong, rigid machinery nor the high 
pressure boilers and vessels which are now at 
his command if it were not for welding; the 
chemical engineer could not have the corrosion 
resisting vessels he now has; the marine engi 
neer could not have the added cargo capacity; 
the automotive engineer could not make the 
vehicles which now crowd our roads; the rail 
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way mechanical engineer could not have the 
light, attractive rolling stock which is so rapidly 
bringing the railroads back into the forefront; 
the electrical engineer could not have the effi- 
cient electrodynamic machinery that has 
recently been developed. 

One of the most interesting phases of the 
rapid rise of welding has been its close connec- 
tion with high tensile alloys. If a designer is 
interested in saving weight, he cannot afford to 
overlook the advantages of the present day high 
tensile steels and the strong, light alloys, and if 
reduction in weight is of sufficient interest to 
require their use, it is inconsistent to ignore the 
great weight-saving possibilities of welding. 
High tensile alloys and welding go hand in hand 
in reducing useless weight; some of them have 
presented difficult welding problems but these 
are being overcome. 

Welding has, in the past, been classified in 
two groups: (a) fusion welding processes and 
(b) resistance welding processes. This group- 
ing is not satisfactory, because practically all 
welding involves fusion whether that fusion 
result from the heat of an electric arc, a gas 
torch, or electrical resistance. In this review, 
therefore, welding processes will be considered 
in another classification: (a) Non-pressure 
processes and (b) pressure processes. This 
grouping, likewise, is not entirely satisfactory 
as there is considerable overlapping, but it is 
useful in connection with any general discus- 


sion of the subject. 
Non-Pressure Welding Processes 


Bare Metal-Arc Welding — Welds made by 
the metal-are process, using as an electrode 
merely a bare wire, still have considerable 
application in non-hazardous work. Its weld 
metal has relatively little 
ductility and has tensile 
strength not as great as 
that of ordinary mild 
steel. Nitrogen to the 
extent of possibly 0.12 to 


is absorbed from 
the atmosphere and has a 
very harmful effect upon 
ductility at the joint. How- 
ever, in spite of these limi- 
tations there remain many 
places where bare electrode welding is good 
enough for the purpose. 

Shielded Metal-Are Welding uses a covered 


or coated electrode, designed to prot 


oe 
and the molten deposited metal from te 
nation by the atmospheric gases. This |) been 
accomplished so effectively that the nit gen in 
the deposit can readily be held to Jess than 
0.02°., and ductility of good shielded-» weld 
metal may range from 20% to 35% in 2 jy and 


tensile strength be considerably greate) than 
that of ordinary mild steel. Shielded-are elec. 
trodes can be used in all positions and can he 
used for the welding of high tensile steels 
Shielded metal-are welding is the process 
generally referred to when the word “welding” 
is used without qualification. It is probable that 
the consumption of electrodes during 1937 wil] 
exceed 125,000,000 Ib., of which the shielded 
electrodes form, by far, the larger part. High 
tensile electrodes, particularly of the carbon- 
molybdenum group, have been brought to a 
high state of perfection recently and are widely 
used in equipment for high temperature servic: 
Shielded Carbon-Are — In this process the 
heat is obtained from an are between the base 
metal and a carbon or graphite electrode. 
Direct current must be used with “straight” 
polarity — that is, the current must be flowing 
from the work to the electrode so that the base 
metal is not carburized. The shielding of the 
carbon-are can be done by burning a foreign 
substance such as impregnated “rope” along 
side the arc, or by partially smothering the ar 
in a heavy flux, or by a combination of suc! 
methods. Filler metal may or may not be ts 
The carbon-are is capable of relatively gr 
output and admirably adapted to multiple pr 


duction work; properties of shielded carbon-a! 
metal are comparable to those of shielded 
metal-arec weld metal. 
Conductive Melt Welding — This term 
advanced, provisionally, to describe a relative! 
new automatic process in which a bar 
electrode is used in coil form and the weld 
ing takes place underneath a heavy ! 
called the “melt.” No are is visible ane 
is claimed that no are is formed, tha 
heat is generated as a result of cl 
resistance offered by the flux (whic! 
become liquefied) ; the base metal 
as a result of its proximity to this sirons: 
heated flux. Since the current is 
bare wire and since the process 
sarily automatic, currents of se) 
sand amperes can be readily Us: 
penetration is possible. Pieces sev: 
thick can be welded in one pass by t! 
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hin-Walled, Alloy Steel Tubing and Oxy-Acetylene 
Welding Make an Ideal Combination for Engine 
Mounts and Landing Gear for Aircraft. Photo by Hine 


lhe resulting weld metal has a very coarse 
columnar structure but nevertheless has prop- 
erties comparable with shielded metal-are weld 
inetal of high grade. The process is now in use 
i a number of multiple production plants; per- 
iaps the most striking example is the welding 
of the midship section of large tankers in a 
shipyard on the Eastern coast. 

Gas Welding — Gas welding is the generic 
‘erm applied to all forms of welding wherein 
‘he heat is obtained from the combustion of 
sases. [wo gases are used, one the fuel gas and 
‘he other, the supporter of combustion, Many 
kinds of fuel gas can be used depending on the 


‘ork to be done — acetylene, city illuminating 
“45, Natural gas, propane, hydrogen — while 


) supporters of combustion are used, 
oxygen and air. Acetylene and oxygen 
re the usual combination, because oxy-acety- 
ne ‘ding can be applied to practically all 

net nd is particularly useful in the non- 

er field. It is also used in automatic 


installations where  multiple-nozzle 
torches permit high rates of produe- 
tion. The weld metal can be alloved 
in various ways to obtain almost any 
desired combination of properties. 
Flame Hardening — This process, 
while not welding, is so closely allied 
thereto that it should be considered in 
connection with gas welding. Flame 
hardening has made great progress 
recently; a comprehensive account 
was published last month in) Mera. 
Procress. In this process gear teeth 
and other parts which are to be sur- 
face hardened, are heated locally to 
the necessary temperature by means 
of the torch; 
closely by cooling with water to bring 
By means 


heating is followed 


about the desired quench. 
of this process many difficult) prob- 
lems in heat treating are avoided. 

Thermit Welding is a most inter- 
esting form of welding in which the 
heat is obtained from the chemical 
reaction between aluminum and iron 
oxide. A specially prepared mixture 
of powders is used and upon being 
ignited the reaction spreads through 
the mass, placed in a crucible, and 
such intense heat is generated that 
the molten steel so reduced attains a 
temperature of probably more than 
1000° F. This temperature is suflicient 
so that the superheated metal, entering a mold 
prepared about the parts to be joined, heats the 
cooler base metal to the melting temperature; 
base metal and filler metal subsequently solidify 
together and form a true weld. 

Thermit welding is especially adaptable to 
the welding of heavy sections, cast or forged, 
such as large mill shafting, engine frames or 
stern posts. A wide range of properties can be 
obtained through suitable alloying. The thermit 
process is receiving constantly greater applica- 
tion in the welding of rails. The rail joint in 
use today is a combined non-pressure and pres- 
sure weld, the web and lower flange of the rail 
being welded by non-pressure process and the 
head of the rail being welded by the application 
of pressure. 

Hard Surfacing 
softer base metal with a harder deposit — is 
continuing to increase in importance not only 
in repair work but in the production of new 
(Continued three pages further on) 


that is, the coating of a 


products. 
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Welding Symbols 
Adopted as Standard by American Welding Society, /937 
For Fusion Welding For Both For Resistance 
Welding 
- Type of Weld S Type of Weld 
~ C 
| |Squere| Vee |\Beve/) U | J X a 


Standard Locatron of Information on Welding Symbols 


Root opening, or smalier-~ C <-finish symbol for weld (when used) 
angle on fillet \ <—Flush symbol 
cept for A +-Ineluded anale Arrow connecting reference sine 
Omit tailwhen to center line of weld, to grooved 
soeciticstion re- ference \ member, or in section or end 
ference ize | | views to near side 
Specification 4 symbol reference /ine 
reference ~~” | alongside joint (not in line with it} 

symbols below reference = % \ \ 
ne nefen to neer ; \ \ symbo/ 
above to far side \ Witch of non-continuous welds 

4 

Soace for symbols showing type of weld, \_ length of weld or increments of non-con- 
offset symbols for staggered intermittent fillets tinuous welds (omit for resistance we/as) 


Signifrcance of Typical Combinairons 


A 2 Indicates continuous Significance: Weld ail around 
J4*fillet weld onnear (encircling member as faras possib/e). 
Ve 


side, meade under shops Near side: fillet, ?*iong,5’on centers. 
own specification A, —* Far side: plate has 44°/ groove [shops 
standard), continuous we/d 


indicated Read symbols from bottom and 
| right-hand side of drawing; 
spaces @ =) place numerica/ dats on vertica/ 
weld both sides for6" "fillet welds 2*/ong, reference lines so reader is 
Welds on both sides are 4”on centers, opposite properly oriented 
same size unless noted sides staggered Significance : Square Significance : Close/ 
eages onplates clearing abutting plates wit 
When one member” ; welded from near U groove 76"deep, Near 
only i's to be grooved side, a"penetration re- side chipped smooth 
arrows point to that guired 
member, thus: Shop’s Std. 


—_ Symbols govern to break in continuity of struc- 

ture or to extent of hatching or dimension lines. 
Strength of resistance welds in hundreds of 
pounds noted instead of size : 


Indicates plates bevelled at 
> root opening assembly, 


bead deposited on root side ~~ 


specification Ap. 


indicates field weld both sides , by shop's = 


Vertical piste : 

double / groove. nae 

Weld far side: 
continuous. 2000/b. 150076. F500-/b. 
Near side:2 Tong, spot welds, projection welds seamweld9 
centers” @ S5*centers @ centers flush near side 


For other combinations see “Welding Journal’, June 1957 
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Welding in 1937 


An interesting 


coating of certain areas of water-turbine run- 
ners to prevent cavitation, and the under sur- 
faces of gas engine valves to prevent damage 


by hot exhaust gases, 


hardness can be obtained and many different 
Hard surfac- 


compositions can be deposited. 


ing may be done by the gas or metal-are proc- 
arth-working machinery, 


The life of 


esses. 


drilling tools, forming tools, cutting dies, is 
increased often many hundred per cent by the 
use of hard surfacing alloys better able to with- 
stand shock and abrasion than the alloys form- 


ing the body of the part. 


Brazing may be defined as a non-pressure 
welding process in which a bond is obtained 
between a material of a lower melting point and 


example of this the 


Almost any degree of 


pure copper, with silver alloys and man 


alloys. Brazing may be done by the gas , os 
by the electric resistance process or | ies 
external source of heat. The operation may he 
conducted in air or in special atmospheres, 
such as hydrogen. Very good and strong joints 


may be obtained when the correct choice of 
brazing material, in reference to base material. 
is made. 


Pressure Processes 


Pressure processes include the old fire weld 
or blacksmith’s forge weld as well as the very 
modern forms of resistance welding. The latter 
have not been given the prominence they 
There are more welds made by pres- 
sure methods than by all the other processes 


Most multiple production welding 


deserve. 


combined. 
is done by these means. They are being increas- 
ingly used on aluminum alloys and other non- 


Flash Welders Grow to Enormous Dimensions When Their Dies and Transformers Are Large Enough ¢ 


Weld Sheet Metal Panels Into Complete 


one of a higher melting point. There is con- 
siderable evidence that an alloy is formed, at 
the bond, with a melting point less than that of 
Brazing, of course, 
originally meant joining by the use of brass, 
but the term is now applied to joining with 


the parts being joined. 


futomobile Bodies. 


Photo courtesy Taylor-Winfield Cor} 


. | 
ferrous metals (see the article by D. |. 
July MeraL PRroGress). 


The equipment provided for reso" 

nent 
welding removes the so-called human a 

from the job. The machines can be HI 
ible 


the work properly and will, with ™ 
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\-Ray Inspection 


Important Welded Joints. 


ilention, retain this setting so that the welds 
ade are practically identical and can be made 
is rapidly as the machine is operated. Great 
speeds are possible; spot welds have been made 
is rapidly as 250 per min. It is not surprising 
‘hat since uniformity and high speed are avail- 
ible, resistance welding should be much used 
i multiple production work. 

There is need today for criteria for judging 
‘he merit of the welds. In the case of metal-are 
welding, a good weld is one that has properties 
omparable to the base metal. In the case of 
resistance welds, just what constitutes a good 
weld is not so well established. 

Spot Welding 
‘he melting due to the resistance of the contact 


A spot weld results from 


urtaces between two or more parts to the pas- 
‘age of an electric current. In a two-ply spot 
veld there are three contact surfaces, namely, 


contact surface between one sheet and one 
electrode, the surface between the other sheet 
‘ind the other electrode, and the faying surface 
velween the two sheets. The resistance at the 


ng surface is the greater; hence heating 


starts this point. When fluidity has been 
“tained, the weld is consummated by mechani- 
al pressure from the electrodes. 

There are three fundamental variables, 
— me, and pressure, and the best com- 


' these three is generally only secured 


a Code Requirement for Class I W eld- 
ng Has Eliminated Guesswork as to the Soundness of 
Photo at plant of Farrar & Trefts 


The 
involved is often very brief. 
Welds 
short a time as 'y evele; that 
is, 1 120 of a 
other hand, a weld may re- 


by experiment, time 


can be made in as 


sec.: on the 


quire as much as one full 
second. It can be seen that 


if time must be measured 
in fractions of seconds, the 
human mind and body is not 
capable of reacting with any 
such rapidity; to secure uni- 
formity of results, timing 
devices are necessary. These 
may be simple contactor 
timers actuated magneti- 
cally, mechanically, or by 
any other convenient means, 
and mechanical timers are 
accurate enough for many 


commercial uses. the 


other hand, when the aus- 
tenitic stainless steels are to 
be used, or very thin gage 


material, more accurate timing is required and 
some very fine timers utilizing vacuum tubes are 
now on the market. These thermionic timers 
are capable of cutting on the current accurately 
and consistently at the zero point in the sine 
wave (or at other point if desired) and are 
capable of controlling welding times up to about 
40 eveles in length. 

It will be seen that the rapidity of spot 
welding implies very rapid cooling. The small 
globule of molten metal surrounded by a cold 
metal is subjected to drastic 


mass of base 


quenching. For this reason it is desirable to 
hardening elements in ferritic 
On the other 


hand, the austenitic stainless steels, by virtue of 


minimize the 


steels designed for spot welding. 


the fact that they do not harden upon quench- 
ing, are ideal for spot welding and have been 
widely used. Spot welding, however, is not con- 
fined to the soft low carbon steels but is now 
being applied to the more usual structural alloy 
steels; much progress has been made along this 
line and much more will certainly be made in 
the future. 

The above describes the operation of mak- 
ing a single weld. Spot welds, however, need 
not be made singly. They may be made in 
series, in which the current passes through two 
or more sets of contact surfaces and makes a 


weld at each place. Spot welds may also be 
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made in parallel, where the current divides and 
makes a number of welds at the same time. 
Spot welding is not confined to the joining of 
only two parts; multiple-ply welds can be made, 
joining as many as ten pieces if desired. 
Designing for spot welding has not pro- 
gressed as rapidly as is the case with other 
processes. Design standards are not so gener- 
ally available and much research work is neces- 


sary to establish them. However, one factor 


simplifies this problem — it is so easy to make 
spot welds that it is often simpler to make sur- 
plus welds than elaborate calculations. 


Interrupted Spot Welding 


Spot welding is generally confined to rather 
thin materials in the sheet metal range. How- 
ever, new developments have been made in the 
so-called interrupted spot welding (see R. S. 
Pelton’s article in Progress for July) 
whereby the spot is made with a number of 
current impulses. By this means very heavy 
materials have been spot welded, in some 
instances as thick as one inch. 

Projection Welding is a variation of spot 
welding in which a contact is concentrated at 
a small area where an embossment is pressed 
in one member. Flat dies are often used and 
when the pressure finally applied the 
embossed part is pressed flat and little or no 
evidence of welding remains. Projection welds 
are often made in groups, thereby increasing 
production. 

Seam Welding is a rapid and efficient pro- 
duction process of joining two sheets or strips 
wherein a current is passed through them by 
means of circular or roll electrodes. Due to 
the electrical impulses received, a seam weld is 
usually a series of overlapping spot welds, the 
size of the spots and the amount of the over- 
lapping depending upon operating conditions. 
Interrupted current may be obtained by means 
of the thermionic controls. It should be pointed 
out that if the spots do not overlap, the weld is 
a series of spot welds, even though made with 
the roll electrode. Conversely, if a weld is a 
series of overlapping spots, even if made by 
means of ordinary spot welding electrode, the 
weld is a seam weld. 

Seam welding can also be done in series or 
in parallel and can be effected with segmental 
wheels, thereby providing points at which no 
welding obtains. 

Resistance Butt) Welding resistance 


butt weld is one made by passing curren: 
through two members, the ends of whic!) are ’ 
contact at the time the current is swi! ed o1 
The resistance at the contact surface causes 
heating at that point and the temperature js 
gradually raised until a sufficient degree of tey 
perature is obtained, when the weld js con- 
summated by the application of pressure. This 
process is slow and requires large currents: jn 
special cases it has been superseded by flash 
welding. The size of pieces which can be byt! 
welded by resistance is probably limited only }y 
the amount of current and the size of machin 
available. 

Flash Welding — A flash weld is one made 
by clamping two members in a machine in such 
a way that they are not in contact at the time 
the current is applied. After the current has 
been turned on, the pieces are moved togethe: 
and when the potential is able to bridge the dis- 
tance between the parts, an are jumps from on 
to the other at the high points. This arcing 
spreads and continues until the gap betwee: 
the two pieces attains electrical uniformity, 
when the weld is consummated by the applica 
tion of pressure. 

Flash welding, which is a combination 
are and resistance welding, uses far less curren! 
and very much less time than the butt welding 
described previously. It is used for thin se 
tions, such as automobile body sheet, or fo 
very heavy sections with many square inches 
cross sectional area. The range of this process 
is therefore greater than that of any of tl 
other resistance processes. Flash welding ma) 
also be used on almost all ferrous metals 
While not as rapid as spot welding, it is neve! 
theless capable of rapid production and ts 0% 
of the most used of the welding processes. 

There are a number of other processes 0! 


troned, 


lesser importance which will not be men! 


or one 


although one never knows whether or 
that is relatively little used today may Nol! 
of the greatest importance tomorrow. 


Relation of Costs and Design 
a 


It will be seen from the foregoing t! 


ing is a very vigorous child. However, 0° 

it reaches maturity a more complet 

standing of its possibilities and pe 


must be obtained. Designs for welded 
sometimes not all that they should 
failure occurs, the cause is laid to bad 
In most cases the failure (Conf. on 
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“YOU COVER A WIDER RANGE AND WELD 15% TO 
207, FASTER WITH THE NEW ‘SHIELD-ARC SAE‘— 


“Set for welding thin sheets, this new Lincoln gives 
Slim the skill and fine touch of a modiste. And set 
wide open, the ‘SAB’ is a power house on wheels. With 
it, [can pour out the molten metal like a steel furnace. 


"They tell me that the wider range and greater speed 
of this new welder are made possible by a combination 
of plus features. Make a note of these: 


* “A SELF-PROTECTING MOTOR enables 
you to use larger electrodes and weld at heavier loads 
continuously without danger of burnout. 


* “INDEPENDENT EXCITATION steadies the 
arc at all times. It’s especially valuable at the low cur- 
rent values such as Slim needs. 


*“DUAL CONTINUOUS CONTROL gives 
you a wider selection of both voltage and current values 
and ‘top’ performances at every setting. 
‘In effect, you get two or three welders of different sizes 
when you buy one of the ‘Shield- Arc SAE’ machines. 


Yours for lower welding costs, 
“FLEETWELD ROD” 
—>pokesman for all progress-minded welding electrodes and emissary of 


be LINCOLN ELECTRIC COMPANY 
rgest Manufacturers of Are Welding Equipment in the World. 


October. 


WELDER with DUAL CONTINUOUS CONTROL 


oo CHANGE MY ACTION TO SUIT THE CLASS OF WORK AT HAnD- 


| 


THE LINCOLN ELECTRIC COMPANY 


Dept. i Vi-424 Cleveland, Ohio 


My welding applica arly 
How can the “SAB” ? 


Send a free teers gel 2 giving details about the new 
“ Shield-Arc SAE Ider. 


Name Positior 
Company 
Address 
— 
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is due to poor design. If the design is correct, 
even mediocre welding will generally not cause 
failure; if the design is improper, however, first- 
class welding cannot insure success. 

Often welding is condemned because it is 
claimed that the cost is too great. Here again 
the fault is largely one of design. Far more 
weld metal may be used than is necessary, or 
corners are welded when flanging, forming, or 
pressing should be done. If the part were 
designed correctly so that full advantage could 
be taken of all the production possibilities, and 
proper methods were used in the shops, it 
would very frequently be found that the welded 
construction was not more expensive than some 
other forms. Today, welding has demonstrated 
that it is amply strong to do the job at hand; 
tomorrow it will demonstrate more convinc- 
ingly that it can do this more cheaply than can 
be done by any other method, 

In attacking any design problem the 
designer should erase from his mind all the 
limitations of other methods of construction 


and seek to attain his object in the si, plest 


im at 
his command. There are two methods of 


attack — one, which might be called the evolu- 
tionary method, is wherein one little 


cheapest, and best way with the new mex 


part js 
changed today and some other part is changed 
tomorrow and at the end of a few months or 
years a completely welded design is evolved. 
The other might be called the revolutionan 
method of attack, wherein the designer goes 
directly to the ideal construction. This method 
may be more of a shock to the conservative 
mind than the former, but eliminates the transi- 
tion period during which generally the full 
benefits of welding are not obtained. 

Much more rapid progress in the future 
should be expected by reason of the work now 
being done by the Engineering Foundation 
Welding Research Committees and the invigor- 
ated American Welding Society. The highest 
praise should be given to the very fine coopera- 
tive spirit with which this work is being carried 
into effect. 


W hile Everyone Is Familiar With the Fact That an Oxy- Acetylene Flame Will Cut Intricate Shapes 


Out of Steel of Almost Any Thickness, the 
Thought of as Restricted to Machine Tools. 


{bility to Cut on an Angle Has Usually Been 
Photo by John Hans for Linde Air Products Co. 
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AIR CONDITIONING 


LOW TEMPERATURE 


by more and more 
manufacturers 


5 


Low Temperature brazing’s rapid growth started with | 
the recent development of new alloys containing silver 
d a new low temperature flux. 


These alloys, with melting and flow points not found 
in base metal brazing or welding metals, are being used 


J THESE _by more and more manufacturers because they offer a_ 
ING ; fast reliable way of making strong, sound, corrosion 

rast WORK resisting joints. 

ALLOYS _ In preduction they reduce labor and save gas. Only 


iL-FOS ern a thin film is needed to get high strength and little or : 


: Y-FLO —_— none is left outside the joint to be cleaned up in finish- — 
EASY-= a ER ing. The cost per joint is low. 
HANDY SOLDERS If you braze ferrous or non-ferrous metals you 
To get full benefit of npr should know all the advantages low temperature braz- 
sure to ute ing offers—how the alloys reduce rejects—solve the 
HANDY FLUX problem of joining dissimilar metals—and protect 
metals from damage by higher temperatures. Write 
us for details. 


PRODUCTION and REPAIRS 


ee 
Low TEMPERATUR 


ted 
LING 


NATIONAL METAL 
exPOsiTION 
Atlantic City 
October 18-22 


= 


HAN DY AND HARMAN : 82 Fulton St., New York 


z BRIDGEPORT, CONN. PROVIDENCE, R. |. TORONTO, CANADA 
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Speed of Manual Are rennagtin 


In down position and /00% operation factor. Discount speeds sccordiing to efficiency of . 
management up to 50% for piece work and 67% for day work 


Coated Electrode or Shielded Are ———— Bare, Washed or Dusted Electrode 


50 1.0 20 3.2 
Single Uand 60°Vee 
Butt Joints 
\ Plain 
\ | Butt Jormnt 
50 > 0.6 
| 
va” 
20 i 0.4 
10 — 0.2 
o 
Yie Vea Va ve Yo Va Fe ve Ya 
Plate Thickness, inches Plate Thickness, Inches 
Y & 
15 But Joint 71488 | Welds | 
R) 9 
Q G \ 
4 Q Q 
© \ & \ | Q 
\ VA ~ 40 A U.S 
5 16% \ 4 | 
Q < Fe) & ~ 
Ya Veo a / We ye vo Ye 
Plate Thickness, Jnches | Plate Thickness, Inches | 
JO 2.47 
\ Fillet Welds Frllet Welds 
40 \Aorizonteal Position Verticaland, | 
\ S 2s Overhead Position 
\ 
30 1.2 20 
WA 
75 % 
20 0.8 
10 
10 0.4 
0 0 - 
va v4 ve ve Se Ve la Ve Ye 
Fillet Size ,inches Fillet Size, inches 
Data from “Procedure Handbook of Are Welding’; Lincoln Electric Co., except curves marked 
from “How to Weld 29Meta/s” by Charles 1. Jennings , Westinghouse Elec. & Mfg. Co. 
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Developments 
im 
Non-Ferrous 


Alloys 


(Heavy Metals) 


By D. K. Crampton 
Director of Research 
Chase Brass & Copper Co. 


Waterbury, Conn. 


YTEADY PROGRESS rather than sensational 
‘ developments characterize the non-ferrous 
alloy field in general. Even when some 
outstanding new alloy, process or application is 
brought to the commercial stage at a given time, 
this usually comes as a result of relatively slow 
evolution, possibly covering several years. The 
comments here made are therefore to be taken 
as descriptions of developments still in process 
or which may have been described elsewhere 
quite recently. 

Judging by the number and quality of the 
articles in the technical literature on bright 
annealing of all types of alloys, as well as by 
the humber of patents covering furnaces, han- 
dling mechanisms, operating procedures and 
almospheres, this appears to be a development 
of the greatest practical significance. It is 
“specially interesting in view of the fact that 
‘ot so many years ago it was felt by many well- 
informed people that such annealing processes 
while great technical interest were hardly 


Rise of Die Castings, Not Only Zine Base and Alu- 
minum Base, but Also Copper Base Is a Notable 
Recent Movement. Photo by Irving Browning, N.Y. 


feasible economically. The cost of maintaining 
the required atmosphere, together with the 
increased cost of a suitable type of furnace, 
generally led to predictions that such processes 
would be used in a relatively small percentage 
of cases and only where a considerable pre- 
mium for the product was warranted. But the 
distinct indication at present is that the use of 
bright annealing for a majority of commercial 
metals and alloys is decidedly on the increase 
and that before many years it may become the 
standard procedure rather than the exception. 
While the cost is still high and probably will 
remain so as compared to ordinary oxidizing 
annealing, it is quite evident that the general 
consuming interests are satisfied to have it so 
and feel the product is worth the extra cost. 

In this connection it is interesting to note 
the general appreciation of the necessity for 
precise control and balance between atmos- 
phere, temperature and time. The latter factor 
especially is of paramount importance in the 
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nealing of many alloys, as for instance, 
ses of less than about 85‘. copper. Due 
olatilization of zine, it has been found 
ble to really bright anneal these alloys 
itmosphere, even a vacuum, if they be 
ld he annealing temperature for an appre- 
al me. However, satisfactory results can 
be attained with strip type operations where the 
material is at the desired temperature an 
extremely short time. This has naturally been 
a very important factor in the design of fur- 
naces for this operation. 

lhe use of water cooled molds in the cast- 
ing of cakes and billets for hot or cold working 
‘s increasing. This trend is a result of the 
realization that such molds not only tend to give 
a cleaner, sounder casting, but simultaneously 
a lower mold cost per pound cast. This is 
because there is relatively litthe upkeep on such 
molds whereas the maintenance and replace- 
ment of the initially cheaper air cooled molds 
is in many instances exceedingly high. 

New Production Processes 

\ large amount of laboratory and commer- 
cial work continues on several processes for 
producing sheet, rod or tubing direct from the 
melt, thus eliminating many _ intermediate 
mechanical operations. For instance, the con- 
tinuous production of strip or sheet in long coils 
by direct freezing between rolls is noted. This 
process has been in the state of development for 
several years and some difliculties have vet to 
be completely worked out. It still gives great 
promise of being a most interesting procedure 
and there appears no good reason why, with 
continued effort, further important commercial 
applications will not result. 

Likewise, the experimental development of 
continuous casting of rods and bar shapes from 
‘melt by withdrawal through a die or forming 
tamber is being steadily pursued. The difli- 
culties in the way of successful large-scale 
operation have for vears seemed almost insur- 
mountable, but suecess now seems at hand and 
commercial exploitation probably not very far 
n the future. 


\pplications of powder metallurgy con- 


‘nue to increase. Rather surprising quantities 
“copper and certain other non-ferrous metals 
ire 1 being produced in powder form for 
the 


ifacture of sintered bushings and other 

Ir One of the interesting new applica- 
certain elements of high melt- 


ing point in powder form with a suitable 
proportion of the base metal in powder form, 
and the sintered briquettes used to make the 
addition to the final alloy. Certain combina- 
tions can be effected in this manner which are 
virtually impossible by the procedures that have 
heretofore been used. 

It seems in order to speak briefly of corro- 
sion testing methods. Corrosion is in itself one 
of the major problems of the metal industry 
and various estimates of the annual damage by 
corrosion run into figures which truly 
astounding. Corrosion testing methods have 
progressed, and as indicated in a recent sym- 
posium by the American Society for Testing 
Materials, procedures are now available so that 
tests carefully carried out and sensibly inter- 
preted can be relied upon to give fair indica- 
tions of the relative performances expected 
from various alloys and following various 
treatments. 

New methods of welding and various types 
of alloys for filler rod continue to arrive. Not 
only fusion welding but brazing, soldering and 
resistance welding methods have been the sub- 
ject of a series of important developments. The 
very large number of recent patents on all 
phases of welding is another evidence of ‘the 
importance attached to these processes. — It 
is impossible to speak of all of these but one of 
the most interesting and worth while has to do 
with welding tips for spot welding and rollers 
for seam welding made from various alloys 
hardened by precipitation. 

Such electrodes require a combination of 
properties not ordinarily found in any of the 
common work hardening materials. It is essen- 
tial that they show strength and hardness at 
moderately elevated temperatures, resistance to 
softening and flowing, resistance to oxidation 
and pitting by arcing, high electrical conduc- 
tivity, high thermal conductivity, ability to be 
produced in the forms and sizes necessary, and 
capability of ready machining to finished size. 
Among those found most successful are several 
variations of chromium-bearing copper alloys. 
More recently copper-zirconium-cadmium alloys 
have been developed which appear most inter- 
esting. Many others are being brought out com- 
mercially or are still in the experimental stage. 

In the electrical industry developments 
include welded joints in large bus bars, making 
for marked improvement in appearance, low 
installation cost and high joint efliciency. The 
welding of copper has heretofore been consid- 
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Extruded Billets of Copper Alloy Being Sawed to Length, Prior to Piercing 


and Rolling Into Seamless Tubes. 


ered an extremely difficult problem and is still 
one which requires maximum skill and high 
grade deoxidized materials. However, a weld- 
ing rod and technique have been developed to 
permit of such construction and there are now 
in the process of being built at least two very 
large installations using a welded tubular bus. 

The production of relatively thin and wide 
sheet copper by continuous electrodeposition on 
rotating drums has been brought to the com- 
mercial stage. One process is in present use 
and at least one other gives promise of being 
successfully used in the near future. These 
methods have an inherent advantage over the 
ordinary rolling procedure as far as economy 
of production is concerned. Along with the 
commercial development has occurred a con- 
siderable improvement in the quality of the 
finished strip. 

Two very interesting applications of copper 
are in finned tubes for convectors and heat 
While the fundamental idea 
involved is not new, the advantages of finned 


exchangers. 


tube construction have resulted in many care- 


fully planned experimental programs to 
develop the greatest possible capacity for heat 
interchange per unit of weight, and at the low- 
est cost of fabrication. One recent development 
is an ingenious method of rolling a fin from the 


body of an ordinary seamless tube. In_ the 


Photo courtesy Chase Brass & Copper Co. 


special machine for forming this fin, the tube 
meets successively a series of grooves so designed 
as to produce each a higher and thinner fin 
The particular advantage of this type of con- 
struction is that there are no joints between the 
tube and the fin, thus eliminating one source of 
loss sometimes present in jointed structures of 
various types. 

Another more recent and quite revolution 
ary innovation in this same field is about to be 
commercially offered. Careful research has 
shown that, all other things being equal, the 
total amount of heat which can be dissipated 
from a finned tube increases markedly with 
increase in the ratio of width of the fin to th: 
diameter of the tube itself. While there hay 
been numerous methods of fabricating finned 
tubes, none previously used has ever been com 
mercially successful in producing fins having 
a width (radial depth) greater than appro’! 
mately one-half the tube diameter. Vi! 
new method referred to, there is practi 
limit; the assembly method is also n 
fundamentally different from previous 
and insures a joint of high thermal ef! 

The marked increase in use of coppe! 
tube for plumbing and numerous oth 
poses has continued steadily for a nu! 
vears. In this connection a developmen! 
mary importance is the production of 0 


Metal Progress; Page 572 


“x 


tees to take the place of two- 


wroug! copper 

piece uught tees or one-piece cast tees. At 
least methods, which are ingenious in the 
extreme. have been developed commercially for 
produc such wrought tees, and these result 
in a product of lowest possible weight, smooth 
surface. high strength and capacity for large 
water flow. 


In the field of condenser tubes and heat 
exchanger tubes, several new things are worthy 
of mention. One of the more important is 
bimetallic or two-layer condenser tubes, one 
laver being a copper alloy designed to be highly 
resistant to sulphur-bearing oils and vapors, 
and the other laver highly resistant to corrosive 
This is a real advance, as heretofore no 
has been available 
showing a really high degree of resistance to 
both of these fundamentally different types of 


waters. 
single commercial alloy 


corrosion, 
Another innovation in the condenser tube 
field is one where an element hitherto classed as 


have considered that the only way to obtain 
readily machinable alloys was to incorporate 
lead in as great a percentage as the size of the 
ingot and proportions of other elements would 
permit. It has recently been found that two 
more of the so-called nuisance elements are not 
only not as objectionable as heretofore thought, 
but can even be turned to good use. These ele- 
ments are tellurium and selenium, which have 
now been incorporated in various copper alloys 
and which in some instances show an even more 
powerful effect on machinability than lead. 
Alloys containing these elements will probably 
soon be offered commercially. 

In the lead alloys, from a number of inter- 
esting developments, one especially is of wide 
interest and great present commercial impor- 
tance, namely Until 
rather recently wherever lead was desired to 


creep resistant alloys. 
carry any sizable loads, this was obtained by 
hardening it with a certain quantity of anti- 
mony or tin. While lead-antimony and lead-tin 


Vicrostructure of New Free Cutting Bronze 


tilizing 0.75% Tellurium, Formerly Thought 


‘Huisance element has been turned to commer- 
i! advantage and helps to solve a very old 
problem. For instance, the element antimony 


had for many 
d 


years been considered highly 
trimental in many copper products and every 


‘fort was made to eliminate it. However, it 
ias been found that this supposedly objection- 
‘ble metal has a most interesting and powerful 
effect reducing the tendency of various yel- 
‘OW brasses to corrosion of the tvpe known as 
aezin ition. 

I 


iany years producers of copper alloys 


to Be a Nuisance Element. Left, as cast; right, 


cold drawn and annealed: both at 50 diameters 


alloys show marked improvement over com- 
mercially pure lead in some ways, they have not 
been as universally satisfactory as might be 
wished; there are even instances on record 
where these alloys were detrimental. 
Systematic investigation of certain commer- 
cial leads showed that a stiff lead alloy is not 
In fact, 
as a rule the opposite was found to be true; 
the stiff leads might stand a considerable over- 
strain for relatively short periods of time, but 


necessarily one more resistant to creep. 


they were unsatisfactory for long sustained, 
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relatively low loadings. Marked differences in 
the behavior of some commercial leads led to 
the important finding that all grades of lead 
containing appreciable quantities of copper 
showed a superior resistance to creep, when 
compared to fully refined leads free of copper. 
However, by adding copper to these fully 
refined leads, it was possible to raise the creep 
resistance of such without affecting adversely 
the other properties like corrosion resistance 
and ductility. Certain new brands of lead have 
therefore been made by the addition of copper 
to fully refined commercial lead, and the proba- 
bility is strong that the use of such leads will 
increase markedly. 

Interesting discoveries about silver and sil- 
ver alloys are resulting in a greatly increased 
commercial use of this semi-precious metal, and 
an extensive and systematic series of researches 
is being sponsored by principal American pro- 
ducers. One of the more important uses is for 
electrical contacts. It has been found that silver 
gives excellent performance as a facing mate- 
rial for switch blades, bus bar connections and 
relays. Silver alloys are also used, including 
certain ones formed from metal powders, as for 
instance, silver-nickel, silver-graphite and sil- 
ver-molybdenum. 

Use of silver brazing or silver soldering 
alloys increases steadily. There are now avyail- 
able a large number of silver-base alloys for 
this purpose having a wide range of melting 
points and high corrosion resistance, combined 
with high tensile strength and toughness. 

In the chemical field an increasing amount 
of fine silver is being used because of its high 
resistance to corrosion by chemicals such as 
organic acids and strong alkalies. Recently 
some very large pieces of equipment have been 
fabricated, and the indication is that there will 
be a further extension of such use of fine silver. 
The advent of duplex metal with a heavy layer 
of silver on copper or iron and suitable methods 
for welding these have been instrumental in 
increasing the use of silver in chemical fields. 

The whole problem of bearings is being 
intently studied from all angles by producers, 
consumers, and lubrication engineers. Ideas 
and usages are in a state of flux; the conditions 
are noted in various articles and editorial notes 
in past issues of Progress. 

There have been many recent experimental 
investigations of new tin-base allovs and others 
are now under way. Much attention is being 
given to the improvement in the mechanical 


properties by addition of such eleme: 


iS § 


ver, nickel, copper, aluminum, Mangaticse » 
bismuth. Copper has been found to be 4 yo 
desirable alloying element for tin, opp 
increasing the tensile strength by approxim tel 
120°... However, the element which seems 
have the greatest effect on the mechanica! pro 
erties is bismuth; alloys with up to 5% mor 
are capable of production by rolling and woul) 
appear to be commercially feasible. Sych alloy. 
in the self-annealed condition show  tensi), 
strengths of the order of 11,000 psi. as compared 
to perhaps 2500 psi. for pure tin. Furthe 
while annealing at 250° F. causes a marked 
reduction in the tensile strength of pure tin, this 
temperature has no softening effect on the ti 
bismuth alloy. It appears that such improy 
ments in the properties of a material of suc! 
inherently low strength but of so great utility 
other directions, could not help but be of co: 
siderable practical significance. 

While zine of extreme purity is not reall 
new, a greatly increased demand for it has 
resulted in much study directed to perfecting 
the manufacturing processes. Any such devel- 
opment resulting in large scale commercia! 
production of a metal of 99.99+-‘ purity is ce 
tainly of major technical importance. In addi 
tion to the electrolytic processes first used t 
obtain this extra high grade zinc, better tha: 
“four nines,” there is now a pyrometallurgica! 
process whereby zinc of equal purity is pro 
duced by redistillation. 

These very pure zines are of practice 
importance in three fields. First, zinc-base 
castings require the very highest purity materials 
available in order to overcome troubles exper 
enced in former years with swelling and disto 
tion. Second, in the galvanizing field, especial! 


electro-galvanizing, a very high purity zine 
found to have markedly greater ductility 


( 


therefore the ability to stand more seve! 
ing. Third, in certain brasses that are to) 
worked, the difference between ordina Ng 
grade and special high grade zine mig!!! 

a difference between success and fatlure 
Taken as a whole, the progress in 
tion, testing and uses of non-ferrous ! Is 
a source of great satisfaction to the me! y 
as well as to those interested in the con 
exploitation of these products. It is c 
expected that the present rate of pros 
continue over a considerable time 2 
new and highly important innove 


brought out. 
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Light Alloys 


By A. J. Dornblatt 


Washington, D.C. 


YERTAIN current activities in the light 
(| metals field and related aircraft metallurgy 
developments were dealt with briefly in 
editorial reviews appearing in MetaL Progress 
October 1936 and January 1937. In what 
‘ollows it is proposed to outline some other 
recent developments, including the more 
notable foreign ones, so that a general idea 


| present trends may be obtained. 

Aluminum and magnesium, of all the 
netallic elements, are the only two elements 
iherently light in weight, chemically stable, 
ommercially obtainable and manufactured on 
‘large seale. Both form alloys possessing ade- 
{uate strength for use in engineering construc- 
‘ton, and both possess certain other features 
Which, besides the lightness of the alloys, help 
‘count for their use in a rapidly increasing 
‘nnage. In fact, the successful efforts being 


“ade abroad to increase the output and use of 
‘e light metals, substituting them wherever 
‘sible for imported metals, form one of the 
‘St sic. king of present trends. 
Alvninum has just celebrated the 50th 


55 Lh. of Pickaninny and 21 Lb. of Aluminum. 
Beer Barrel and Photograph by Aluminum Co. of America 


anniversary of the discovery by Charles M. Hall 
of the electrolytic process for reduction which 
is still, basically, the process in use throughout 
the world. Magnesium, industrially speaking, 
has just come of age. 
parative yvouth of both these metallurgical 


Yet, despite the com- 


marvels, their production and use has vastly 
increased, Statistics on world production show 
that, in the case of aluminum, the production 
has more than doubled each decade since 1910. 
The 1936 production reached an all-time high 
of 357,600 metric tons, of which the United 
102,000, leading all other 
nations but with Germany a close second. Esti- 


States produced 


mates on the world magnesium production in 
1936 agree that it was a boom year but vary in 
regard to the actual values, which range from 
15,000 to over 50,000 tons. Germany probably 
is the leading producer, with the United States 
coming second or third in order. 

Some technologic developments slowly 
brought to fruition will now be briefly reviewed. 

A French process for the manufacture of 
aluminum is said to produce regularly 99.99% 
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pu |, and on occasion has produced 
40998 ure aluminum. It resembles the 
Hoopes process but uses a bath which operates 
r temperature (1300 to 1400° F.). 
al ity aluminum is notable for its 
<traordinary corrosion resistance, low tem- 
erature of reerystallization, and high electrical 
nductivity. It can be cold rolled from the 
llet to sheet. 

Reports from abroad state that savings up to 
sj per ton of alumina can be effected by substi- 
‘yting a continuous-pressure apparatus for 
lecomposing bauxite with alkali in place of the 
ntermittent autoclave. It is also claimed that 
Jumina can be produced, for use in the pro- 
luction of aluminum, from alkaline German 
lavs at a price comparable with that of alumina 
nade from imported bauxite. 


Improvements in Aluminum Alloys 


In this general survey, no attempt will be 
ade to give specific information on the charac- 
‘eristics of the more important commercial 
ght alloys since excellent summaries have 
ippeared in the recent literature. In this con- 
ection the reader’s attention is invited to J. B. 
hnson’s article on “Light Metals for Aircraft” 
October 1935 Merat Progress and to the 
iper on “Alloys of Aluminum and Magnesium” 
k. H. Dix presented at the March 1936 
Symposium of the American Society for Test- 
¢ Materials on High Strength Constructional 
Metals. Historical aspects are treated in John 
\. Gann’s paper “Magnesium, the Growth of an 
\merican Industry” which appeared in Mera 
“kooRESS for April 1932, and in Junius D. 
‘dward’s article “Contributions of Aluminum 
Metallurgical Progress” in Merat Progress, 
ebruary 1936, 
the principal structural alloy is still the 
‘S (duralumin), but for applications, as in 
ireratt, requiring maximum strength this alloy 
been largely superseded by stronger 
inety, higher in magnesium. The development 
‘this alloy, known as 24S, has been described 
W. Bossert in January 1937 Mera 
wockess. An alloy of recent development being 
sed primarily for rolled structural shapes is 
‘We Magnesium-free, modified duralumin 


‘esignated 278, characterized by a high yield 
point good corrosion resistance. 

| wo alloys of moderate strength, possessing 
igh inherent corrosion resistance, have lately 
“me ins general use. One is the aluminum- 


magnesium-silicon alloy 53S, of carefully con- 
trolled composition, notable for its excellent 
resistance to corrosion in all tempers. An 
aluminum-magnesium-chromium alloy, desig- 
nated 52S by the Aluminum Co, of America, is 
the other. It is notable for its resistance to salt 
water and marine atmosphere and its high 
endurance limit. In the strain hardened condi- 
tion it is finding wide usage in marine, railroad, 
bus, and architectural construction. 

Considerable progress has resulted from 
better control of ingot segregation and improved 
forging practice. For instance, the propeller 
forging for the 1931 Schneider cup) winner 
weighed 350 Ib. in the rough condition and 85 Ib. 
after machining, whereas present day propeller 
forgings may weigh 96 Ib. before machining and 
70 Ib. finished; not only is machining reduced 
to a minimum, but present practice produces a 
better macrostructure and airfoil cross-section. 
In view of improvements in technique, certain 
alloys heretofore considered unforgeable have 
been re-examined and from England comes a 
report of an improved alloy of the high zine 
tvpe, developed originally by Dr. Rosenhain and 
co-workers. S. L. Archbutt and A. G. C. Gwvyer 
report on this alloy and other British advances 
in aluminum allovs (abstracted in’ Meral 
ProGress last month). 

The original magnalium allovs, which are 
aluminum with magnesium additions, have 
been similarly reconsidered and the alloys with 
from 2 to 10‘, magnesium are important alloys 
today. The 7‘: alloy is extensively used abroad, 
but little use of such alloys in the wrought con- 
dition prevails in this country. 

A development of considerable potential 
importance is the successful operation on a 
small scale of the Hazlett process for direct pro- 
duction of sheet from molten aluminum by cast- 
ing between revolving chill rolls. Commercial 
production at the moment seems only to await 
installation of necessary equipment. 

The cladding of wrought, high duty alloys 
with corrosion resistant, integrally bonded, pure 
aluminum (that is, alclad material), extended 
the field of usefulness of the duralumin type of 
alloy where, as in thin gage material for air- 
craft construction, there was need for greater 
resistance to corrosion. A stronger protective 
skin has been developed, consisting of a corro- 
sion resistant alloy, instead of the weaker high 
purity aluminum, and finds some use abroad. 

To permit the use of aluminum alloys in 
corrosive environments research has also been 
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directed successfully into other channels. Proc- 
esses have been developed for producing a 
protective oxide film which affords an excellent 
base for paints and ornamental finishes. The 
anodic oxidation method is widely used, condi- 
tions being varied to develop a surface of the 
desired characteristics. In some instances, for 
example, the essential characteristic desired 
may be wear resistance, or a high optical reflec- 
tivity. Protection may also be obtained by 
chemical dip processes, and the offer of a 25,000- 
frane prize for the best process of this kind by 
the Bureau International des Applications de 
L’Aluminium is stimulating additional 
researches. 

Development of free-machining wrought 
alloys of the duralumin type has afforded a new 
outlet for such alloys in screw machine prod- 
ucts. A picture of the situation in this field 
can be obtained from the articles in Merar 
Progress by L. W. Kempf and W. A. Dean, July 
1935; L. W. Kempf and A. Hartwell, December 
1936; and Hans Diergarten’s comprehensive 
review in the issue of August 1937. 

Fabrication of aluminum alloy structures 
has been facilitated by reason of recent develop- 
ments in seam and spot weld- 
ing, as brought out by D. L. 
Bohn in Mera ProGress for 
July 1937. Co-operative work 
with the manufacturers of 
welding equipment and metal 
fabricators has led to lower 
costs, improved appearance 
and superior structural 
result with modern welding 
equipment now being used 
for many types of manufac- 
tured commodities. 


Popularity of Heat 
Treated Castings 


Developments in alumi- 
num casting alloys worthy 
of note appear to be the 
increasing use of heat treated 
castings, of grain refining 
agents such as titanium, and 
the development and widen- 
ing use of the readily cast 
alloys of aluminum and sili- 
con and the strong, corrosion 
resistant allovs of aluminum 
and magnesium. 


Escalator in Chicago Department Store, “Streamlined” W ith Aluminum > 
and Extruded Shapes, Gives an Elegant Effect and Permanent beau 


Heat treatment of castings is fay, 
because it produces a higher ratio of yielq , 
tensile strength, a higher ultimate ten), 
strength, and superior ductility and (oy 
compared to the alloy as cast. The aluminyy,. 
copper casting alloys represent the largest joy. 
nage of these heat treated castings, but ther: 
is an increasing use of the Al-Si-Mg (356) ang 
Al-Si-Mg-Cu_ (355) alloys for complicated 
shapes. The alloys containing silicon 4» 
generally easier to cast, less liable to crack o 
quenching from high temperatures during hat 
treatment, and have generally better foundry 
characteristics than the earlier aluminum 
alloys hardened with copper. 

The silicon alloy extensively used 
abroad may be improved by heat treatment if 
minor additions of magnesium and manga 


Cliness 


nese are made, Although it requires a special 
modification treatment, this variety is said | 
retain the valuable casting characteristics 
the binary alloy while in addition it affords » 
combination of strength, corrosion resistance 
and lightness that is remarkable. 

The 2° magnesium alloy (214) is notabi 
for its corrosion resistance, and the 1!) 
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magnesium alloy (220), although difficult to 


handle in the foundry, can give an unsurpassed 
combination of strength, toughness, resistance 
to corrosion, and lightness. It is supplanting 
the 1. copper alloy (195) in heat treated cast- 
ings for applications requiring the maximum 
strength and shock resistance. 

Attention has been devoted in’ both 
Germany and Italy to the development. of 
aluminum-base bearing metals and such alloys 
are reputedly in’ successful use, frequently 
replacing tin-base and copper-base alloys. 

The use of aluminum as a minor alloying 
element in certain copper, nickel, iron and 
magnesium alloys is an expanding field. The 
reader is probably acquainted with the use of 
aluminum in condenser tube brass, aluminum 
in steel for nitriding, aluminum resistor 
elements for high temperature service, alu- 
minum in the grain size control and deoxidation 
of steel, and aluminum in the powerful nickel- 
cobalt magnets. More recently processes have 
been developed for continuously coating strip 
steel with aluminum, giving a product compa- 


rable to tinplate and of similar potential uses. 


Magnesium Alloy Developmen 


Foreign magnesium production } 
stimulated by the European political s 
but domestic production is growing | 
Fabricated magnesium products, includ ' 
ings and wrought shapes, sold in th: 


States in 1936 approximated 1,000,000 |} rly 
double the corresponding figure for the \ea) 
1935. Several countries are now begin) o the 
production of magnesium for the first time. a) d 
recently a process producing magnesium })y 
thermal reduction and distillation from mavne 


site has been introduced commercially. Elec 
trolysis of the fused chloride is still the mor 
common process, however. Decided improve- 
ments in allovs and in technologie details have 
done much to account for the encouraging 
reception being accorded our lightest meta! 

During the past few vears there has been 
a marked change from the use of the con- 
ventional magnesium - aluminum - manganes 
alloys to somewhat similar alloys containing 
zine and slightly lower in aluminum content. 
The newer alloys have better resistance to salt 

water corrosion and 
possess at least equal, 
Pigging Light Alloy. ‘ 
and in many cases, 
Photograph by Margaret 
Bourke-W hite and courtesy superior physical aie 
{luminum Co. of {merica erties. They respond 
to heat treatment, and 
a sand-cast alloy such 
as Dowmetal H with about 6° aluminum, 3 
zinc, and 0.2% manganese will show 38,000 ps! 
tensile strength, 18,000 psi. yield strength, © 
elongation in 2 in., and 62 Brinell hardness whe: 
heat treated. These are noteworthy figures fo 
an alloy approximately two-thirds the specifi 
gravity of aluminum. 

The British National Physical Laboratory 
reports some interesting experimental results on 
magnesium alloys containing, in addition lt 
aluminum or cadmium, about 2% of silver and 
minor additions of manganese and calcitl 
Wrought alloys of this type have shown high 
vield strength and an ultimate tensile str ngth 
approaching 60,000 psi. An alloy of magn 
with cerium and cobalt has been developed that 
is stated to have high temperature |! 
comparable with those of the well-! 
alloy of aluminum. Further details ear 1! 
the article by C. H. Desch in Mera! 
March 1937. 

Much progress has been made 


re rties 


wn 


and foundry practice, leading to the 
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| with a higher order of resistance to 
wn. It is claimed in one process that an 
of manganese in the bath cleanses the 
f those harmful impurities such as iron; 
fluxes have likewise been developed 
sult in a similar improvement. Some 
' .s been done in cladding the more corrod- 
ble. highly alloyed, wrought magnesium alloys 
with the corrosion resistant 2‘. manganese 
alloy. Great progress has also been made in 
surface treatments designed to improve the 
corrosion resistance and prepare the metal for 
protective coatings of paint, varnish, or enamel. 
\ method has been recently developed at the 
National Bureau of Standards for the anodic 
oxidation of magnesium-base alloys” which, 
while more costly than the 
widely used “chrome pickle,” 
is said to be quite satisfac- 
tory and produces excellent 
results. 

A better appreciation of 
‘ertain fundamentals 
nvolved in forming opera- 
tions has led te progress in 
the working and shaping of 
magnesium alloys. Although 
not capable of extensive 
working at room tempera- 
ture, an additional slip plane 
becomes available in the 
rystals of magnesium at 
temperatures above 450° F., 
whereupon the metal “hot 
works” readily. Many com- 
mercial shapes are extruded. 

The most outstanding 
new use for magnesium 
illovs is in die castings. 
\lthough previously used on 
i small scale for a number 
i parts, they are now in 
One of the better 
known American vacuum cleaners now contains 


The main 


‘large scale commercial use. 


‘ive magnesium alloy die castings. 
isting, of irregular contour and thin section, is 
‘pproximately 12 in. wide, 14 in. long, and 414 
i. deep. The manufacturer of this machine 
“as recently completed a new plant wherein 
‘Pproximately 1000 sets of these die castings 


itt 


produced per day. Satisfactory fluxes have 


’so been developed to permit the manufacture 
‘kn pressure die castings of this type on a 
Nass production basis. 


‘Al the present time the majority of uses for 


Thicknesses, Widths and Temper. 


magnesium alloys occur in the aviation 
industry, the portable tool industry, and in the 
machine industry where the extreme lightness 
of these alloys is a most advantageous feature 
for such applications, 


Factors Making for Progress 


In conclusion, the factors responsible for 
the remarkable progress in light alloys may be 
factors have been as 


reviewed. Significant 


follows: (a) Carefully planned, far-sighted 
research programs leading to technical progress 
in production of the metals from the raw 
materials available; (b) the development of 


entirely new alloys adapted to modern require- 


Strong Magnesium Alloy Is Rolled Into Sheet and Strip of a Wide Variety of 


Photograph courtesy Dow Chemical Co. 


ments; (c) the interest taken in aluminum and 
magnesium by large modern industries capable 
of utilizing considerable amounts of the metals; 
(d) the necessity for close technical control in 
the production and heat treatment of the alloys, 
placing the developments beyond the reach of 
personnel who are metallurgically stagnant- 
minded; and (e) an energetic, inspired pro- 
gram of consumer education. Each of these 
factors is still effectively operating and in con- 
sequence light alloy 
expected to proceed unabated in intensity and 


developments may be 


undiminished in scope. 
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Precision is Vital in 
Modern Equipment 


After Precision— 
Preservation of 
Surfaces Machined 
to Low Tolerances 


NO-OX-ID is recognized as the Leader — the 
Original Rust Preventive to combine chemical 
and mechanical protection. There is a type of 
NO-OX-ID designed for your special use, 
whether it be protection of parts in production, 
export and domestic shipments and many such 
services as guarding interiors of combustion 
ie engines in storage and preventing acid atmos- e 
phere from destroying steel in pickling rooms. 


Twenty-five years’ experience in rust preven- 
tion places Dearborn in position to give you 
valuable counsel. 


Inquiries invited. 


DEARBORN CHEMICAL 
COMPANY 


310 S. Michigan Ave. 205 East 42nd St. 2454 Dundas St., West 
CHICAGO 


NEW YORK TORONTO 


ARK 


The Original Rust Preventive 


PURE CARBIDE-FREE 


metals 


Tungsten Powder ___ 97-98% 
Pure Manganese ____ 97-99% 
Ferro-Chromium 60% 
Pure Chromium ____ 98-99% 
Ferro-Tungsten _____ 75-80% 
Ferro-Titanium_25% and 40% 
Ferro-Vanadium ____ 35-40% 


Send for Pamphlet No. 2021 


Metal & Thermit Corp. 


120 BROADWAY, NEW YORK, N. Y. 


Albany Pittsburgh * Chicago 
South San Francisco * Toronto 


Dr. Albert Sauveur, 
“Dean of American Metallurgists” 


PRESENTS A 


METALLURGICAL DIALOGLE 


(Autographed by Author) 


\ unique and informal method of presentation where 
a master answers his pupil’s question as to 
hardens when plunged red hot in cold water 

ized by Dr. Sauveur, Gordon McKay Protess 
Metallurgy and Metallography in Harvard | 


in this fundamental discussion of steel metallut 


metallography 


Valuable historical material and a ¢ 
] 
the various theories of hardening steel are 


Bound in cloth, 200 pages, 5442x8 in., 12 ilust 


A valuable addition to your library. 
Price — $3.00 


Send your order and check immediately t 


AMERICAN SOCIETY for META 


7016 Euclid Avenue CLEVELAND, © 
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HELPFUL LITERATURE 


Yours For The fAsking 
And It May Solve Your 


Current Metal 


Firestone 


4 story of the origin and history 
auckeye silica firestone makes an 
resting preamble to a complete 

discussion of the 

erties and applications of this 
-octory. Cleveland Quarries Co. 
etin Ka-176 


Ampco Metal 


The six grades of Ampco metal. 
~ing in hardness and physical 
onperties but all possessing wear 
a strength and 
resistance, are described 
+ booklet which also lists its 


sec in modern industry. Bulletin 


istance, tensile 


Chapmanizing 


spmanizing, the new method of 
e hardening steel with nitro 
s described in a very attrac- 
booklet of Chapman Valve Mig. 
niormation is given out on the 
od itself and on its metallur 
advantages. Bulletin Ob-80. 


‘ainless Information 


able showing comparative 
and applications of 
ypes of stainless steels made by 

Steel Co. is included in a 
sprenensive folder giving recom 
forging and heat 
7 the various types. Bulletin 


rocteristics 


tions for 


‘ainless Specialties 


The complete assortment of stain 

‘ee! specialties such as nuts, 
5. tivels, pipe fittings, etc. carried 
Peter A. Frasse & Co. for prompt 
pment to fabricators of stain 
catalogued with full 
mation and prices. Bulletin 


is 


Yisc Grinding 
“ow disc grinding can be used 
tool in the metal 
“ng industry is told in a 28 


productior 


oklet by Norton Company 
Ring rations and ex 
ns of a je variety of ap 
ns. By Ka-88. 


“elinery Specialties 


ate tube supports and other 

of Ohio Steel 
thrite” heat and 
ie alloys are the 
lustrated loose. 
etin Ka-40, 


Problem 


Col. 2 


Drill Steels 


An unusual and extremely valu 
able catalog on drill steels has been 
released by SKF Steels. Inc. Pre. 
sented in a non-technical style. it 
is a practical book written for prac. 
tical men. Bulletin Ka-18. 


Wire Cloth 


A looseleaf book of technical in 
formation on wire cioth and wire 
screen consists of tables of weights. 
diameters and prices, and a descrip 
tion of the various types of materials 
and weaves for different applica 
tions. Cambridge Wire Cloth Co. 
Bulletin Ka-178. 


Insulating Cement 


Complete information on a line 
of 14 types of high temperature and 
insulating cements known as “Sonit 
tep” is contained in a handy file 
folder by George F. Pettinos, Inc. 
Bulletin Ka-179. 


Oil Valves 


The principle, performance, types 
and applications of Hauck micro 
regulating valves for exact, instant. 
and dependable control of oil at all 
times are given in an illustrated 
folder by Hauck Mig. Co. Bulletin 
Ka-181. 


Welding Stainless 


A new 20-page booklet published 
by Republic Steel Corp. describes 
and illustrates the proper methods 
for welding stainless steel by electric 
arc, gas, seam, spot, projection. 
atomic hydrogen, and brazing and 
silver soldering. Bulletin Ka-8. 


Improved Castings 


The improvement of plain cast 
iron, nickel cast iron, nickel-chro 
mium cast iron and nickel-chromium 
molybdenum cast iron is technically 


presented in a 15-page article ac 
companied by tables, charts and 
illustrations. International Nickel 


Co. Bulletin Ka-45. 


Heat Treat Chart 


Heat treaters everywhere should 
find a heat treating wall chart com 
plete with S.A.E. specifications a 
very valuable addition to their 
shops. Published by Chicago 
Flexible Shaft Co., manufacturers of 


Stewart industrial furnaces. Bulletin 
Ka.49. 


here. 


Col. 3 


Air Clutch Forging 


Presented in considerable detail! 
is information on Ajax bolt heading 
and forging machines, air clutch 
operated. Large _ photographs 
illustrate the 15 pages of text. Ajax 
Mig. Co. Bulletin Ka-105. 


Alnor Instruments 


“Alnor” wall and portable py 
rometers, thermometers, controllers. 
and air velocity meters for all sorts 
of general and specialized uses are 
fully catalogued by Illinois Testing 
Laboratories, Inc. Bulletin Ka.180. 


High Tensile 


The 19 advantages that USS Cor 
Ten steel offers to railroads and 
other industries are atiractively pre 


sented in a 68-page book on this 
new low cost, high tensile stee! 
published by United States Stee! 


Corp. Bulletin Ka-79. 


Titanium Prices 


A complete list of prices and terms 
on all of its products. which include 
and 


many varieties of titanium 
zirconium alloys. is published by 
Titanium Alloy Mig. Co. Bulletin 
Ka.90. 

Chromium 


The rapidly expanding uses of 
chromium and its alloys in the 
chemical industry was the subject 
of an article by W. J. Priestley. vice 
president, Electro Metallurgical Co.. 
in a recent issue of “Industrial and 
Engineering Chemistry.” Reprinted 
by Electro Met. as Bulletin Ka16 


Liquitol 


The use of Liquitol for controlled 
cooling of iron and steel castings 
and ingots is fully described in a 
bulletin by Alpha Lux Co., Inc. Bul 
letin Ma-120. 


Quick and Easy 


It's a simple matter to obtain the literature listed 
Bulletin numbers are listed column by 
column as they appear on these five pages on 
the coupon on Page 593. Simply check the 
bulletin numbers you wish, fill out and mail 
to Metal Progress. Bulletins will be forwarded 
to you promptly — no cost, no obligation. 


Col, 4 


Automotive Furnaces 


Nowhere does heat treating play 
a more essential part than in the 
construction of the motor car. Gas 
fired heat treating furnaces desiqned 
especially for use by the automotive 
industries are illustrated and de 
scribed in a booklet by Surface Com 
bustion Corp. Bulletin Ia-51. 


Stainless Data Book 


All users of stainless and heat 
resisting alloys should find invalu 
able the information contained in a 
booklet published by Maurath. Inc. 
giving complete analyses of the 
alloys produced by the different 
manufacturers, along with the proper 
electrodes for welding each of them. 
Bulletin Jy.125. 


Cleaning Processes 


An attractive 12-page booklet en 
titled “Scientific Metal Cleaning” 
has been published by Detroit Rex 
Products Co. It describes in detail 
the applications and advantages of 
Detrex degreasing with Perm.A-Clor 
or Triad Safety Solvents and the 
applications of Triad Alkali Clean 
ing Compounds and Strippers. Bul 
letin Oy-111. 


Industrial Furnaces 


Typical illustrations of a few of 
the thousands of Rockwell electric. 
gas and oil furnaces used in the 
metallurgical, ceramic and chemical 
industries are contained in an in 
teresting bulletin by W. 8S. Rockwell 
Co. Bulletin Ka 34. 


Hydraulic Tester 


Of interest to all engineers recom 
mending or purchasing universal! 
testing machines is a book by Riehle 
Division of American Machine and 
Metals, Inc., on the development of 
the precision hydraulic testing ma 
chine. Bulletin Ba-157. 
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Metals for Corrosion 


Fourteen varieties of Midvaloy 
corrosion and heat resisting metals 
are described in a detailed bulletin 
by The Midvale Co. Properties and 
applications are listed and illus- 
trated. Bulletin Ca-160. 


Corrosive Solutions 


A catalogue by Duriron Co. covers 
a complete line of equipment for 
handling corrosive solutions, with 
information as to sizes, capacities, 
dimensions and engineering data 
for innumerable items. Bulletin Ka- 
152. 


Pure Metals 


Pure, carbide-free metals are de- 
scribed and applications suggested 
in a pamphlet published by Metal 
& Thermit Corp., who make pure 
tungsten, chromi and manganese 
in addition to the ferro-alloys. Bul- 
letin Ma-64. 


Fine Steels 


Compiled by men who make fine 
steels to assist men who use fine 
steels, a handy. pocket size, 150- 
page volume by Ludlum Steel Co. 
contains many new, helpful charts 
and tables, all made quickly avail- 
able by a unique method of index- 
ing. Bulletin Aa-94. 


Oven Furnaces 


In a nutshell American Gas Fur- 
nace Co.'s improved oven furnaces 
offer controlled atmosphere, quiet 
operation, economy, are over and 
under-fired and bottom vented. De 
scribed more fully in Bulletin Aa-11. 


Easy Flow Brazing 


Handy & Harman's Easy-Flo Braz- 
ing Alloy. a recent development, 
is recommended for joining stain- 
less steel and iron, Monel metal, 
Inconel, Everdur and other ferrous 
and non-ferrous metals. Briefly de- 
scribed in Bulletin Ny-126. 


Cleaning Rooms 


A catalog of designs for blast 
cleaning rooms incorporating many 
labor and time saving improve- 
ments making the blast room an 
unequalled mechanical device for 
low cost cleaning is published by 
Pangborn Corporation. Bulletin Ca- 
68. 


Col. 6 


Beryllium Copper 


A reference work of new and up- 
to-date information on the unusual 
characteristics of beryllium copper 
contains helpful data on produc- 
tion, fabrication and heat treatment. 
Riverside Metal Co. Bulletin Fa- 
156. 


Flame Hardening 


The rapid development in recent 
years of the process of hardening 
with the oxy-acetylene flame well 
warrants the publication of this 
handsomely printed booklet which 
contains a multitude of excellent 
photographs of the applications of 
the process and of the equipment. 
Air Reduction Sales Co. Bulletin 
Ga-69. 


Heat Treating Line 


An attractive catalog of heat treat- 
ing products is published by Park 
Chemical Co. It starts out with a 
very useful diagrammatic thermome- 
ter showing the temperature and 
ranges for the various heat treating. 
melting, and other processes requir- 
ing heat. Bulletin Oy-141. 


The Laboratory 


The latest issue of Fisher Scientific 
Co.'s interesting little magazine, ‘The 
Laboratory.” containing articles of 
historical and practical value may 
be had by sending for Bulletin Ka- 
182. 


Silico-Manganese 


Bethlehem Steel Co. tells why 
silico-manganese steel is so well 
suited for heavy-duty springs of 
long life. Instructions for heat treat- 
ing. physical properties and com- 
parative fractures are included. 
Bulletin Ka-76. 


Fatigue Test 


A complete description of the 
fatigue test as made on the R. R. 
Moore fatigue testing machine is 
given in a folder by Baldwin. 
Southwark Corp. Examples are dis- 
cussed and illustrated. Bulletin Ka- 
67. 


Globar Elements 


Globar electrical heating units 
and a variety of accessories for 
their operation have been cata- 
logued by Globar Division of Car- 
borundum Co. Bulletin Oy-25. 


Col. 7 


Rod Straightener 


A brief but informative booklet 
on the American rod straightener 
and shear machine has been re- 
leased by American Foundry Equip- 
ment Co. Features, operations and 
installations are thoroughly covered 
photographically. Bulletin Ka-112. 


Union Service 


Convincingly drawn up is a 
folder by Union Drawn Steel Co. 
stating the position held by the 
Company's representatives and the 
responsibilities placed upon them. 
Bulletin Ka-83. 


Mo-W High Speed 


J. V. Emmons, metallurgist for 
Cleveland Twist Drill Co. and 
largely responsible for the develop- 
ment of the molybdenum-tungsten 
high speed steels known as Mo-Max, 
has prepared a general description 
of these new steels. Bulletin Ka- 
103. 


Conveyor Rolls 


The record made by Calite alloy 
furnace conveyor rolls in a large 
steel mil! having unusually heavy 
hearth loading is told in a leaflet 
by the Calorizing Co. Bulletin Ka- 
26. 


Atmosphere Control 


A device manufactured by Brown 
Instrument Co. and known as the 
“Analy-Graph” records minute 
changes in the chemical composi- 
tion of a furnace atmosphere. How 
it works is told in Bulletin Ka-3. 


Spoilage Fear 


Fear of spoilage, says C. I. Hayes. 
Inc., may cost a firm more than 
actual tool loss through spoilage in 
the furnace. How “certain curtain” 
furnaces eliminate spoilage and 
spoilage fear is told in Bulletin Aa- 
15. 


Hardening Furnaces 


P. D. M. high speed hardening 
furnaces are described in two bulle- 
tins by The Philadelphia Drying 
Machine Co.— one devoted to oil- 
fired and one to gas-fired furnaces. 
both made in single and twin cham- 
ber models. Details of construction. 
design features and tables of sizes 
and capacities are included. Bulle- 
tin Oy-150. 
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Ingot Production 


“The Ingot Phase of Stee! 
duction” is the title of a book de 
fining the principles of quality ings 
production followed by many we 
known steel manufacturers, Get 
mann Engineering Co. Bullets 
Ka-13. 


Brazing Carbides 


Since the successful periormance 
of sintered carbide tools depends os 
a solid, permanent braze, a descrip 
tion of the proper method and 
equipment for brazing carbide tools 
should form a handy folder. Firth 
Sterling Steel Co. Bulletin Ka-!7? 


Wire Metallurgy 


“The Metallurgy of Wire Manu 
facture” is the title of a paper pre 
sented before an A.S.M. Chapier 
by H. W. Graham, meitallurgist 
Jones & Laughlin Steel Corp. |. & 
L. has printed it for distribution in a 
booklet also containing Manulac 
turers’ Standard Wire Specifications 
adopted by the Association of Amer 
can Steel Manufacturers Technical 
Committees. Bulletin Ka-50 


Cinch Steel Cement 


How Cinch steel cement scves 
high speed stee! and Stelle 
by permitting the using up of ssor 
pieces is told in a bulletin by Claud 
S. Gordon Co. Bulletin Ko-5! 


Defi Rust 


Analysis and descriptive notes 
nine types of heat anc corrcsiom 
resisting steels mace °Y Rustiess 
Iron and Steel Co. are coniainec ™ 
a handsome folder. Sulletn Ha. 169 


Magnet Steels 


A very handsor booklet 
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Col. 9 


Optical Aids 


Bausch & Lomb’s new catalog lists 
and describes the instruments and 
acessories that are especially use- 
iy) in the metal working industries. 
soch as the toolmakers’ microscope, 
se wide field binocular, the shop 
sicroscope, and the Brinell micro- 
xope. Bulletin Ga-35. 


Molybdenum 


Climax Molybdenum Co. presents 
sir annual book giving new de- 
relopments in molybdenum, particu- 
sly as an alloy with iron and steel. 
‘be engineering data presented are 
code cleat by many tables and 
wtrations. Bulletin Dc-4. 


Galvanizing 

An informative, historical, simple 
igest of galvanizing forms a guide 
> longer life for iron and steel 
woducts. This handsome, handy. 
tpage book beautifully printed in 
wor is distributed by American Hot 
‘\p Galvanizers Association, Inc. 
huiletin Ea-167. 


Photoelectric Balance 


©. |. Tagliabue Mig. Co. has chris- 

‘ned its newest, simplest and fast- 
‘st recording potentiometer the “Ce- 
‘cay’ from the photocell, electric 
“tent and light ray by means of 
"nich it operates. Described in Bul- 
etin Ea-62. 


Dipping Baskets 


‘ne fourteen standard designs of 
ping baskets made by The C. O. 
wy Mig. Corp. are cataloged in 
folder containing additional in- 
“action on the types of metals 
ree Suitable for use with various 
ve and pickling cycles. Bulle- 
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furnace described 
ued by Leeds & 


for even temper- 

@ very dense load. Auto. 
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overs: -oting. Fine temper- 

sense loads at low 
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Bulletin Mx-46. 


Col. 10 


Steel Data Sheets 


Wheelock, Lovejoy & Co. gives 
analyses, physical properties, heat 
treating instructions, and applica- 
tions of Hy-Ten, Economo, and S.A.E. 
alloy steels in concise and easily 
usable form. Bulletin Ox-74. 


Brinell Tester 


Accurate and exact measurements 
can be made on hard or soft mate- 
rials with the Diamo-Brinell hard- 
ness testing machine, which uses 
a pyramid-shaped diamond instead 
of a steel ball. Described in a 
pamphlet by Pittsburgh Instrument 
and Machine Co. Bulletin Aa-!. 


Casting Problems 


Unusual casting problems that 
were solved by the use of National 
Alloy Steel Co.'s oxidation, corro- 
sion, and abrasion resisting castings 
are shown in a clever pictorial man- 
ner in an attractive folder. Bulletin 
Ox-104. 


Instrument Slide Rule 


An ingenious slide-rule indicator 
devised by Westinghouse Electric & 
Mig. Co. selects the proper instru- 
ments for any application, whether 
central stations, industrial plants or 
transportation industry. It shows at 
a glance what instruments to use, 
their range, approximate price, size, 
and descriptive literature available. 
Bulletin Ia-134. 


Forging Machines 


The Acme Machinery Co. has 
published an interesting bulletin on 
a distinctly new forging machine — 
the Model 35 Acme. This booklet 
illustrates and fully describes the 
new Acme Eccentric Heater Slide 
which eliminates entirely the con- 
ventional Pitman construction. Bul- 
letin Ox-39. 


Stainless Service 


Joseph T. Ryerson & Son, Inc. has 
ten plants handling Allegheny stain- 
less steel and service. A becutiful 
booklet describing and illustrating in 
color the products and services 
available is ready for distribution. 
Bulletin Jy-106. 
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Heat Treat Furnace 


Particularly adapted to general 
heat treating operations in the tool 
room up to 1900 F. is the Model 
B-31 furnace described by American 
Electric Furnace Co. Bulletin Ka-2. 


Radiation Pyrometer 


The Pyro radiation pyrometer for 
temperatures exceeding 1000° F. is 
a light-weight, handy. and simple 
automatic instrument made by Py- 
rometer Instrument Co. Its features. 
methods of use, and applications are 
given in Bulletin Ax-37. 


Stainless Slide Chart 


Carpenter Steel Co.'s pocket-size 
slide chart gives at a glance the 
technical data on all stainless steels. 
Bulletin Jy-12. 


Steel Service 


“Steel Service” is the title of a bul- 
letin which gives valuable informa- 
tion on testing methods and pickling 
control charts. It is distributed by 
the Grasselli Chemicals Department 
of E. I. du Pont de Nemours & Co. 
Bulletin Aa-95. 


X-Ray Examination 


The application of X-ray examina. 
tion ond inspection of castings, weld- 
ing. and food products, as well as 
practical X-ray crystal analysis, is 
completely described and strikingly 
illustrated in General Electric X-Ray 
Corp.'s new 34-page publication. 
Bulletin Dy-6. 


Melting Furnaces 


Pittsburgh Lectromelt Furnace 
Corp. offers a folder describing its 
line of new top-charging melting 
and refining furnaces. Economies 
of top-charging are analyzed and 
much information on operation and 
construction is given. Capacities 
range from 50 lb. to 50 tons. Bul- 
letin Jr-18. 


Aerocase 


A modern method for caseharden- 
ing and heat treating steel in a 
liquid bath is provided by the use 
of Aerocase compounds, which have 
been in commercial use for more 
than six years. Their principal fea- 
tures are described by American 
Cyanamid and Chemical Corp. in an 
interesting booklet. Bulletin Oy-148. 
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Col. 12 
Tocco Process 


This amazing new and extremely 
accurate method of heat treating is 
described in a new four-page leaflet. 
yours for the asking. Distributed by 
Ohio Crankshaft Co., Bulletin Oy- 
145. 


Boxes and Trays 


Standard Alloy Co. offers all those 
advantages which spring from long 
specialization in heat and corrosion 
resisting alloy castings for such 
things as boxes and trays. An 
abundance of proven data is con. 
tained in Bulletin Oy-151. 


Port Valves 


Diagrams and descriptive matter 
show the operation of adjustable 
port valves made by North Ameri- 
can Mig. Co. that are particularly 
suitable for mediums whose rate of 
flow is not constant. Bulletin Oy- 
138. 


Prevention of Rust 


“Proof of Results” is the apt title 
of a new booklet issued by Dearborn 
Chemical Co. Dozens of photo 
graphs, supported by an interesting 
text, show how No-Ox-Id keeps stee! 
from rusting. Bulletin Mr-36. 


Vanadium Facts 


Revived after nearly 20 years is 
the house organ of Vanadium Corp. 
of America, “Vanadium Facts.” This 
paper shows considerable thought 
and care in its preparation and con- 
tains valuable and interesting in- 
formation on vanadium steels. Bul. 
letin Ox-27. 


Aluminum News 


A cleverly written, well-illustrated 
newspaper of interesting items 
about aluminum is issued by 
Aluminum Co. of America every 
month. The latest issue is Bulle. 
tin Jy-54. 


Model “Y” 


The Sentry Model “Y" electric 
furnace, using the Sentry Diamond 
Block method of heat treatment pro 
vides exceptional quality high speed 
steel hardening at minimum pro 
duction cost. The furnace is de 
scribed in Bulletin Oy-114. 
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Cement 


“Hytempite” is a high temperature 
cement for laying up firebrick with 
thin, long-lasting, air and gas tight 
joints of great strength, made by 
Quigley Co. How it saves time and 
labor and cuts construction and 
maintenance costs is told in Bulletin 
Ia-139. 


Centrifugal Castings 


Centrifugal casting of stainless. 
heat and corrosion resisting alloys 
eliminates impurities and cooling 
strains and permits thinner and 
more uniform walls than any other 
method. This is explained in a 
bulletin by Michigan Steel Casting 
Co. Bulletin Nx-84. 


Arc Welding Future 


Harnischfeger Corp. takes a look 
at the future of arc welding in a 
booklet stressing the simplicity of 
“Smootharc’” welders. Illustrated 
with a wealth of photographs, 
drawings and cross-sections. Bulle- 
tin Ha-171. 


Scleroscopes 


Shore Instrument & Mig. Co. de- 
scribes its Model D standard record- 
ing scleroscope in a recent bulletin 
which explains the theory and prac- 
tice of hardness testing with this 
machine. Bulletin $-33. 


Recuperators 


Results obtained with Carborun- 
dum Company's recuperators using 
Carbofrax tubes are fuel savings, 
closer temperature control, faster 
heating, and improved furnace at- 
mosphere. Complete engineering 
data are given in Bulletin Fx-57. 


Salt Bath 


“Heating from the inside out” is 
what makes the Ajax-Hultgren salt 
bath furnace practical. Ajax Elec 
tric Co. explains this new operating 
principle in an interesting folder. 
Bulletin Oy-43. 


Alloy Steels 


Why alloy steels are best for 
heavy equipment and other exact- 
ing applications is discussed in a 
folder by Bliss & Laughlin. Inc. A 
partial list of the more common 
grades gives machine ratings and 
turning speeds. Bulletin Jy-42. 
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Air Weight Control 


An illustrated booklet of sure-fire 
interest to the foundry trade has 
been issued by The Foxboro Co., 
explaining in detail the advantages 
of the “air weight controller” which 
is in use at many of America’s 
leading foundries, named in the 
publication. Bulletin Ea-21. 


Furnace Parts 


A valuable feature of Driver-Har- 
ris Co.'s folder on Nichrome cast 
furnace parts is a table giving the 
tensile strength of Nichrome cast- 
ings at various temperatures. Bul- 
letin Da-19. 


Chromel 


A new catalog has been issued 
by Hoskins Mig. Co. covering Hos- 
kins electric furnaces and Chromel 
elements, which provide uniform 
heat and automatic temperature con- 
trol with excellent production and 
quality of work. Bulletin Ia-24. 


Tempering 


Vertical batch type tempering fur- 
naces are described in a folder by 
Industrial Heating Equipment Co. 
Capacity and production figures and 
a diagram of the furnace are in- 
cluded along with a complete de- 
scription. Bulletin Ia-168. 


Pipe Lines 


Latest information on the construc- 
tion of pipe lines by electric weld- 
ing for transportation of oil, gas and 
water is contained in a bulletin by 
Lincoln Electric Co. Fourteen pages. 
profusely illustrated. Bulletin Ia-10. 


Scale-Free Hardening 


General Electric scale-free harden. 
ing furnaces for either large or small 
volume of production, ferrous or non- 
ferrous applications, box or con. 
tinuous type, are accurate and auto- 
matic. Described in Bulletin Ia-60. 


Explosion Protection 


A gas burner safety device de- 
signed to prevent explosion made 
by Wheelco Instruments Co. is 
known as the Flame-otrol. [Illustra- 
tions, data, operating diagrams and 
prices are fully covered in Bulletin 
Ia-110. 


Col. 15 


Testing Machines 


An extremely handsome, spiral- 
bound, segregated catalog tells all 
about the various hydraulic and 
screw power testing machines made 
by Tinius Olsen Testing Machine Co. 
Bulletin Oy-147. 


Oxidation 


Designers confronted with oxida- 
tion problems connected with crack- 
ing coils, polymerization plants, 
superheaters, high pressure steam 
plants, air heating equipment and 
recuperators will welcome a folder 
by Timken Roller Bearing Co. con- 
taining data on oxidation at 1009, 
1250 and 1500 F. Bulletin Ea-71. 


Pickling 


All current pickling procedures 
and practices were carefully studied, 
analyzed, summed up and compared 
in the preparation of a 32-page 
handbook on pickling steel with 
modern inhibitors by E. F. Hough- 
ton & Co. A _ frank, instructive 
manual. Bulletin Ia-38. 


Pyromaster 


Bristcl Co.'s “Pyromaster” is a re- 
cording potentiometer with a round 
chart and direct ink marking. Its 
applications as a pyrometer, resist- 
ance thermometer, tachometer and 
millivoltmeter are given in Bulletin 
Ia-87. 


Rustproofed Steel 


Atmosphere does not corrode steel 
which has been rustproofed with 
Duozinc, a mercury-containing zinc 
anode with marked production prop- 
erties. Full details are given in a 
folder issued by the R. & H. Chemi- 
cals Dept. of duPont. Bulletin Ar-29. 


Cutting Oils 


The problems of machine tool lu- 
brication engendered by the high 
speed production and close toler- 
ances of modern industrial opera- 
tions are discussed and progress in 
cutting oils during the past few 
years reviewed in a booklet by D. 
A. Stuart & Co. Bulletin Jy-118. 


Heat Resisting Alloys 


Authoritative information on alloy 
castings. especially the chromium- 
nickel and straight chromium alloys 
manufactured by General Alloys Co. 


to resist corrosion and high tempera- 
tures, is contained in Bulletin D-17. 
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Compressor Data : 
General information on the Cr 
plication of blowers to gas and « 
burners, and miscellaneous applice : 


Gppucc 


tions for other types of work are 
included in a 12-page “Turbo.Cor 
pressor Data Book.” table 
and charts are included. Spencer N 
Turbine Co. Bulletin Dy.70 


Neophot 


“Neophot” is the name of a new 
metallograph of radically new de 
sign and universal adaptability. A D 
pamphlet distributed by Car! Zeiss 
Inc., gives its applications and {ec 
tures and is well illustrated with 
beautiful samples of micrographic on 
work. Bulletin Jx-28. 


Rockwell Tester 


A revised and completely uptc M 
date catalog on the well-know 
Rockwell hardness tester is we 
illustrated and contains 24 page 
Published by Wilson Mechanica 
Instrument Co., Inc. Bulletin Co 22 


Hy-Speed Case 


50 to 500° 
of high speed steel! tools is claims 
in a striking and interesting ne¥ 


booklet just published by the A. F De 
Holden Co. Typical cases ol these or 
savings are cited. Bulletin Fa: en 


Metallograph 


Leitz Large Micro-Metallogrs 
“MM. 1” most interesting 36-pc 
publication containing met 
photomicrographs on the very ‘0 
developments in  melallogrcr 
equipment. Specia ttentior 
given to darkfield illumina 
letin Ha-47. 


New Joining Process 


Metal parts are joinec 
neatly and strongly Elec 
nace Co.'s new 
oxidizing furnace 
their new, continuc : 
pering and solderin rnaces 
details are given etin 


Centrifugal [ron 


A bulletin descr 
cent developmen! 
of centrifugally cas 
Resist, and other ; 
Shenango-Penn 
the chemical 
properties and use 
gray iron comp ns 
Ka-174. 
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Alloy Castings 

Michiana Products Corp. has pub- 
shed a new book describing Michi- 
nq corrosion resistant and stainless 


Col. 18 


Tempering Furnace 


Technical details and operating 
data on Lindberg Steel Treating 
Co.'s new Cyclone electric temper- 


Cold Finished Facts 


Leather-bound, looseleaf., and 
tabbed for easy reference, a hand 
book by Wyckoff Drawn Steel Co. 


Col. 20 


Polishing Machine 


A reprint of an article from the 
A.S.M. Transactions by O. E. Romig 
and J. C. Whetzel is supplemented 


plice yer alloys. Generously illustrated. ing furnace, which has shown a_ on cold finished steels abounds in by photographs. specifications, and 
x Gre suggests many savings for the remarkable performance record in useful technical information on ma other information on the Cincinnati 
Com se of these alloys. Bulletin Oy-81. steel treating operations. are given  chinability, heat treatment, selection Electrical Tool Co.'s new metallo 
able ~ in Bulletin Fx-66. of steels, and weight tables. Bul graphic polishing machine. Bulletin 
ence Ni-Cr Castings letin Ka-99. Ox-97. 
Compositions, properties. and uses Metal Heating 
he high nickel chromium costings in fumace Baking Ovens Uniform Tempercture 
node by the oy b ool onsiet. mies, operating conditions and ap- For refrigerators, air conditioning Temperature Uniformity is the title 
” prnaysocen Poovey a handy pearance, furnaces that will more units, oil burners, bed springs. of an interesting bulletin describing 
new mention poe 7 Bulletin Fx-32. satisfactorily meet old requirements switch boxes, motor parts, steel fur Carl-Mayer furnaces for tempering. 
y de iis , or handle new processes, service niture, stove and furnace parts, the drawing, aging and heat treating. 
y. A Dust Collector that will help solve the most stub- various types of finish baking and With temperature uniformity so im 
Zeiss born problems are offered and de- drying ovens made by Despatch portant to efficient furnace operation, 
| fea How the Schneible multi-wash scribed by Mahr Mig. Co. in Bul- Oven Co. are described in Bulletin every heat treater will want this 
wit just and fume collector operates  |etin Ea-5. Ka-123. literature. Write for Bulletin Ka-183. 
aph ond what it does are clearly shown 
2 a catalog giving details on ex- 
og installations. Published by Electric Salt Baths Laboratory Service Cutting Steel 
~laude B Schneible Co. Bulletin Literature is available from Bellis A new edition of “The Metal Recommended practices for gas 
a-02 Heat Treating Co. describing elec- Analyst” tells about an organization cutting of structural steel are given 
4 trically heated bath furnaces which established by Adolph I. Buehler in a concise and authoritative form 
up Meehanite are economical to operate and have specializing in the installation of by The Linde Air Products Co. 
now A compact but complete specifica- a wide range of applications in metallurgical laboratories. The com Qualification tests for good work 
we on chart gives the recommended hardening, annealing and heat plete line of laboratory equipment manship from the standpoint of ac 
age modes of Binchantin enatel toe cant. treatment of high speed steel, stain- marketed by Buehler is also cata curacy and smoothness of cuts are 
ous service requirements. Complete less steel. nickel. aluminum. copper logued. Bulletin Dy-135. Sulletia 
: onysical properties and applications and bronze. etc. Bulletin Ny-48. 
we included. Bulletin Da-16S. C Bulletin Nickel-Copper Steels Thermal Analyzer 
Firebrick opper ule Exceptional resistance to corrosion Laboratory furnace equipment de 
A new clearing house for news of and abrasion. increased tensile signed to conduct grain size tests, 
Babcock & Wilcox make an in- developments in brass, bronze. and strength. and higher ductility are creep tests, thermocouple calibra 
m sucting firebrick which is refrac- copper, the “Copper Alloy Bulletin,” the qualities claimed for Youngs tion, coefficients of expansion, com- 
ory as well as insulating and can issued by the Bridgeport Brass Co.. town Sheet & Tube Co.’s new series bustion analysis, gas atmosphere 
xe used without a facing of fire- made its appearance with the March of Yoloy steels. A summary of experiments, dilatometry, and gen- 
onck. Description, applications, and issue. It is edited for the technical properties and notes on their char eral thermal exploration. Also for 
‘gineering data are contained in and engineering audience. Bulletin acteristics are contained in Bulletin precision heat treatment. Stanley 
Sulletin Fy-75. Da-163. Ox.93. P. Rockwell Co. Bulletin Ay-121. 
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Ca-160 Fa-156 Ka-112 Ka-13 Ga-35 Ox-34 Ka-2 Oy-145 Oy-142 Dy-70 Oy-81) Fx-66 Ka-99  Ox-97 
Ka-1 180 yy yo, Ga-69 Ka-8% Ka-177 Ax-37 Oy-151 Nx-84 Da-19 Jx-28 — 
Ka-1 Ma-64 Oy-141 Ka-103 Ka-30 Oy-138 Ia-24 la-3% Ca-22 Ea-5 Ka-12% Ka-183 
Oy-111 Aa-94 Ka-182 Ka-26 Ka-53 Aa-95 Mr-36 S-33 fa-168 Fa-55 Ca-161 
Aa-1l Ka-76 Ka-3 Ha-169 py-6 la-10 Ar-29 Ha-4? pa-165 De-63 
Ny-126 Ka-67 Aa-15 Ba-158 Sy-78 Ox-39 Jr-18 Oy-438 la-60 Jy-118 Ar-30 
Ba-157 Ca 68 Oy-25  Oy-15@ Jy-127 Mx-4@ Jy-106 Oy-148 Oy-114 Ka-174 Fy-35 Da-168 Ox-98 
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Diversification 
of Stainless 
for Special 

Purposes 


By E. E. Thum* 
Editor 


Metal Progress 


A REVIEW of the wrought stainless steels 
A or, more precisely, the high chromium-iron 
and chromium-iron-nickel alloys — would 
largely concern itself with listing a multitude 
of expanding applications, and would be rather 
dull reading. These alloys and their modifica- 
lions that 


everyone who must use metal at high tempera- 


have such remarkable properties 
ture, or expose it to unduly corrosive surround- 
ings, or even in services where a light tarnish 
is objectionable, naturally 
another of them. It is truly remarkable that 


such a large majority of these applications, 


turns to one or 


tten tried more or less blindly, are as success- 
ful as they are. As to the remainder, it is only 
iatural that the severest demands are not per- 
fectly met We find, 
. that recent progress in the stainless 


nothing is a cure-all. 
theref: 


Steels 


is not been in the development of new 


tance was received from Russell Franks and 


Carbon Corp 


" i 


Stainless Steel Has Been Successfully 
Employed by Architects for Exterior Trim 
and Ornamentation for Monumental 


Buildings as Well as Small Store Fronts 


alloys, but the slight modification of those we 
already have to make them better adapted to 
this, that, or the other highly specialized use. 

Take for instance the chromium steels used 
extensively in the oil industry. Seamless tubing 
of 18° chromium, &8‘- nickel was early used in 
the high temperature cracking stills for produc- 
from 


ing the maximum amount of gasoline 


petroleum. These chemical processes changed 
so fast, however, that a cracking still would 
become obsolescent long before any appreciable 
damage had been done to the high alloy tubing. 
Since 18-8 is quite expensive, the demand was 
for another steel, intermediate in high tempera- 
ture corrosion resistance between it and plain 
carbon boiler tubes, a demand met by a plain 
chromium steel carrying from 4 to 6 of the 
alloving element. (Even lower chromium alloys 
have been more recently introduced, utilizing 


tner memovoers of Ne ecr 4 


in preparing tnis articie 
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considerable silicon to increase the oxidation 
resistance, and some molybdenum to improve 
the high temperature strength.) 

Some peculiar troubles developed in the 
plain 4 to 6 chromium still tubes after months 
at 800 to 1100° F. These tubes are quite ductile 
at service temperatures, but during winter shut- 
downs some of them broke while being cleaned, 
thus indicating that they had become embrittled 
(as far as atmospheric temperature was con- 
cerned) by some obscure change. Since this 
type of fracture did not occur in those tubes 
to which some molybdenum had been added 
to increase the creep strength, it was supposed 
that molybdenum was the cure — although 
more recent experiments indicate that the 
impact strength of such steels with molybdenum 
is only moderately better than that of those 
containing no molybdenum after long anneals 
at 1000° F. 

Embrittlement after long heating is thought 
to be due to some change in solubility of car- 
bide in the iron matrix of this alloy, and hence 
is associated with the strong air hardening pro- 
pensities of the low and medium chromium 
steels, as well as the phenomenon of temper 
brittleness (embrittlement after slow cooling 
from a tempering or annealing heat). Air 
hardening can be prevented by adding enough 
of a strong carbide-forming element, such as 
titanium, to lock up the carbon in insoluble car- 
bides which to all intents and purposes are non- 
metallic inclusions. It was thought that if the 
carbon was locked up tightly enough, the three 
deficiencies could be cured at one and the same 
time — namely, air hardening, temper brittle- 
ness, and embrittlement after long heating. 

While titanium is quite successful in pre- 
venting air hardening, and molybdenum in pre- 
venting temper brittleness, it is shown by Russell 
Franks in a paper for the forthcoming @ Con- 
vention that columbium carbide has such a 
high degree of insolubility in ferrite and aus- 
tenite that even minute amounts of it do not 
go in and out of solution after long stays at 
high and room temperature, respectively. — It 
results, therefore, that the 4 to 6° chromium 
steels, with six to ten times as much columbium 
in them as there is carbon, will retain their 
original toughness (Izod impact about 100 
ft-lb.) after a very long stay at any temperature 
up to 1400° F., when these steels are tested either 
at room temperature or after chilling to —40° F. 

Approximately 1000° F. is the upper work- 
ing limit for the 4 to 6% chromium steels, and 


1600" F. for 18-8. An intermediate a! 
taining about 9°¢ chromium and 1,.5' 
denum has been found quite suitable fo, ) 
up to about 1250° F. Its creep strength js satis. 


factory, and when carbon is below 0.15. jy 
structurally safe after long-time heating, apg 


free from embrittlement on cooling. 


Toughening the Chromium Irons 


The foregoing remarks on carbon have } 
do with the chromium steels. We attempt 
neutralize its action and produce non-hardep- 
able chromium irons. This we already hay 
when we raise the chromium high enough 
beyond 17 or 18°, even to 25%. These alloys 
are unrivaled for resistance to high tempx rature 
scaling, yet their great defect is that they cannot 
be grain refined by heat treatment. 

Coarse ingot crystals make them delicate to 
handle during hot work, and the alloys when 
cold have a large grain size and relatively low 
impact resistance. Such alloys are ferriti 
(alpha iron) at all temperatures; lacking an) 
transformation point or change in carbide 
solubility, it is impossible to recrystallize them 
by heat treatment; in fact, the more they ar 
heated, the larger the grains are apt to grow 
To alleviate this condition it was necessary 
discover something which would go into and ou! 
of solution in the alpha crystals with rise and 
fall of temperature, and fortunately nilroge! 
(introduced in the form of high nitrogen ferro- 
chromium) does just that. Nitrogen in th 
alloy has permitted the production of 2 
chromium-iron sheets, plates and tubes whic! 
have been very widely used in chemical proc: 
esses and other high temperature services 
These alloys resist oxidizing atmospheres 
almost up to the melting point. 

Nitrogen in the form of chromium nitric 
increases the strength of the 13 or 11) ch 
mium steels (rolled in large tonnage into stl 
for the automotive industry) without lower 
ductility and toughness, neither is there an) loss 
in corrosion resistance —as is the case whi 
carbon content is increased. 

In England the 18¢¢ chromium sfec!, 
normally is ferritic and non-hardena)le, 
changed into a martensitic, hardenabl 
the addition of about 2% nickel. This 's 4!" 
a popular alloy over there and is © 
interesting for an increased resistan 
rosion by sea water. 

Reports from Germany indicat 
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| urge toward the straight chromium 


amme 
oer er than the chromium-nickel steels 
not Of o avoid a restrictive patent situation 
me the popular 18-8 variety, but to surmount 
import strictions on nickel. Hence the 18% 
hromium with molybdenum is going into nitric 
cid equipment and the straight chromium steels 


vith aluminum or silicon into heat resistant 


parts. 


In France a low carbon 18% chromium 


Jloy has been extensively worked into flatware 


domestic utensils. 


High Chromium-Nickel Alloys 


Chromium, sometimes fortified with alumi- 


im and silicon, is the best alloy for lending 
emical stability to iron — that is, improving 


resistance to oxidation, sulphidation, and most 
ther chemical attacks. Nickel in generous pro- 


rtions has been added to improve the tough- 


ness, refine the grain, and impart good creep 
resistance (high temperature strength). 


the trouble is due to the precipitation of chro- 
mium-rich carbides at the austenitic grain 
boundaries during moderate reheatings in the 
range between 800 and 1500° F., German prac- 
tice (as well as American) is more toward 
driving the carbon down to 0.07% or less, and 
fixing that which is left with some strong carbide 
forming element such as titanium, tantalum or 
columbium. “Stabilization” by a combination 
of cold work and annealing at 1400° F. to 
precipitate the carbides and re-diffuse the chro- 
mium is also successful. Others believe that 
the conventional types of 18-8 may be welded 
with impunity if the welded parts are of such 
form and shape that they can be heated to about 
2000° F. to put the precipitated carbide back 
into solution and then the metal rapidly cooled 
to keep it there. Of course, an 18-8 alloy with 
moderate carbon content (especially with chro- 
mium and nickel on the high side) may be 
welded and placed into many kinds of service 
(Turn to page 602) 


resisting mild corrosion, 


Of course, the all-purpose 
alloy is the one popularly 
known as 18-8. In the wrought 
form it contains up to 0.20% 
irbon, but for many purposes 

s is driven down to 0.08 or 
ven 0.07%. The higher car- 
bons are somewhat easier to 
make and fabricate and are 
umply good for exposure to 
mild corrosion, Strength also 
nereases with the carbon. 
While the plain 18-8 variety is 
ery widely used, a number of 
modifications have been made 
by adding this that or the other 
element for specific uses. 

One of the first serious 
‘roubles with 18-8 had to do 

ih rapid corrosion at and 
ongside of welded joints. 

s set back the utilization of 
‘ie alloys somewhat, but prob- 
‘ly not as seriously as some 
“ler troubles with sea water, 

ause the welding troubles 
“re quickly discovered and 
“agnosed by metallurgists, and 
‘eventives adopted. One 
‘‘omiment manufacturer in 
“tgland avoids this “weld 
" ay” | lloying up to 6% of 
“eon with the 18-8. Since 


4 Duplex Metal 


Whe 


= 


Hard Chromium Steel on the Outside to Resist 


a Hack Saw and Tough Wrought Iron on the Inside to Resist a 
Sledge — Was the Old Standard for Vault and Safe Construction. 
The new high chromium steel is now favored for '-*m because of 
its reasonable cost, ease of. fabrication and resisiance to stain 
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Properties of the Principal Cr-Fe Alloys 


2%Cr| 5%Cr Cutlery 17% Cr 
Chemical composition 
Chromium to 22 4to8 8tol0| 12told IZ 16 to18 
Nicke/ [0.5Mo) (15 Mo} — — 
Si and Mn (mex./] 0.50 0.50 0.50 0.5C 0.55 0.50 
Carbon 0.15 mex.| 0.10 toQ20 | | OF0to 040 0.1/0t Or 
Specitic gravity 
Lb. per cu.in. 0.280 0282 0.276 0.278 0.275 290 
[Mild steel= 1.00) 0.99 1.0 0.97 0.98 0.96 0.95 
Electrice/ resistance 
Microhms per cms — — — 57 60 59 
[Mild steel = 1.00) — — 5.2 5.5 5.4 le 
Melting renge , F. 
Top — 2800 ome 2790 2750 2750 75, 
Bottom —_— 2760 — 2750 2580 2710 
Structure Pesrlitic| Peerlitic \Mertensitic| Martensitic| Martensitic Ferritic 
Magnetism 
Ferromagnetic ves ves kes kes ves Yes 
Perme-| As enneé/ed — — — — 
ability | Cold worked /0% — 
Specific heat 
Cgos.units, 0 to 100°C. 0. O./1 0.117 
[Mild steel = 1.00) — 1.0 — 1.0 1.0 
Thermal conouctivity 
KC9.s.units at lOO. — 0.0874 — 0.0595 .O5 0.0585 
[Mild stee/ =100/) — 0.75 — 0.50 0.42 0.49 
Cg.s. units et S500. O.080F — 0.0686 0.0624 
Thermal expansion 
per 1,000,000 
From 32 to 212 F. — 6./ 6.29 6./ be 6.0 5.9 
[Mild stee/= 100/ 0.95 O95 O.9F 0.87 2.96 
From 32 to 952 F. 7.00 6.7 6.6 6.7 6.5 
Mechanical Pro- tt Cold | Cola 
An- An- Lo] Heat | 42 An- 
perties at ROOM | neajed| g  |nealed| nealed |" 
Ultimate strength, /000psi.\ 60 to 70; 66 75 to8?\| 65 | 125 75 | 100t0I90\ 75k 
Yield point, O00 psi. JO to45| 27 | 103 |\F5to45| 35 | 100) 65 |\200t22 40 50 to 
Elongation, % in Zin. 40to30| 38 | 20 |\40to30| 35 | 20| 27| 27 
in 10in. — — — | 
Reauction of erea, % — 76 | 66 — 65 | 60| 59 | 20to2 55 | 400020 | 60t 
lmpsct, ft-/b., Charpy F5 to 65 | — | — |F5060| — \— — 
Fatigue endurance 
limit, 1000ps’. —}—| — — 
Hardness , Brinell tol60\ 136 250 \45tol80 | 140 | 2350 \/70 480 175 | 185to270| 160¢ 
Rockwe// — 8-75 | C-24 8-76 C-22|\ — C-56 B-85 |B8-90tol05 | 
Stress in psi. { 1000%.| 71,400 2,000 |11,600\ 13,000 8,500 
causing 1% } 1100 | 5,650 — 6,950 — 
“creeo”in 1200 5,750 2500 \| 23500 2,/00 
10,000 hr.at \ 1350 — 1,400 1,200 
caling temp., F. 1200 1200 1300 / 750 1550 
Initial forging temp., F. 2/00 2/00 200. 2000 
Finishing temp., F. About /400; — max.1450 1700 meax.1400 mg 
Annesling treatment furnece — |Prolonged | 1575 tol625F. 
coo/ from hesting et 
1580. 1250 


* Therme/ conductivity is measured es celories per sg.cm. per sec. per C. per cm. 
++ Quenched from I850%F. and orewn. 


t Quenched end drewn et 1100°F. 


*k Smal! cold reduction, followed by annee/ at 400°. and quench 
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18-8 18-12 25-12 25-20 | 18-26 
| 
somposition 
17 to 19 | Modifi- 17 to 19 22 to 28 24 to 26 
8toio cetion 11 to125 '2 to 16 '9to 2! | 25to 26 
(mex 0.50 with 0.50 LOB Q25 | Z0Si mex 
0.70 titenium 0.70 0.15+ 0.15 max.| O20 max 
EC 
n 0.286 0285 Q287 0.285 0.285 0.280 
= 1.00, 1.07 | 7.07 1.02 0 0.99 
per cm$ 70 7} 73 78 907 | 702 
=100/) 6.4 6.5 6.7 2, 
ange, OF. 
2590 | 2590 — 2570 2600 = 
g 2550 | 2550 25350 2550 
e Austenitic | Austenitic Austenitic Austenitic Austenitic 
| 
sgnetiC | — Trace — 
1s anneeled 1005 =| 1.003 O03 1003 1.003 
alo worked 10% 1.10 006 003 
Vfic heat 
Oto 100°C. 0.12 0.12 0.12 
stee/ = 100) 1.1 — — 
he onductivity 
**Ccs.units et 100°C. 0.0390 0.0385 0.0380 2.03 to 0.04 205 to — 
tee/=100) O.5F 0.52 O52 — — 
nits et 500°C. 0.0515 : 0.0528 0.0520 — — — 
*»enmal expansion | 
/ 000, 00 | 
‘rom 32 to 212 F. 9.6 9.5 9.9 8.8 | 
Mild steel=1.00) 1.45 1.40 1.50 126 | 
‘rom 32 to 952 F. 102 103 10.8 9.6 04 | OF 
Mechanical Pro- Cold Cold Cold 
An- Stabi/- An- An- An- AN 
perttes at Room Worked |“; Worked log | Worked | 
Temperature nealed /Wire) ized | nealed (Wire) |" Gled | neale 
timate strength, 000ps/.| to 90 \105 85to95 | 80to90 \105 to275\ GOtolI0 \110to270\ BOtot10 90 
Yield point, 1000 psi. 40 60 to250| 40to 45 40 — 40 to 60 | 65 to 230\ 55to 65 | 45to 50 
> modulus, 10®psi. 29 307 
gation, % in Zin. 60 55 60 — 50 to — 60to4#5 | 
10in. 50 to2 50to2 55 to2 — 
ction of eres, % 70 65t030 55 65 65 to30 | 60to45 | 551020 45t0 55 
Izod 75 to — — — — 90 
gue enourence 
nit, 1000 psi. 47 50% of ultimete — 
yess, Brinell 135t0165 \170 to460| 150 tol85 to 165 |! 70 to 380 | 150 to 185 |1 70 to 575 | to 190) 160 to 186 
Rockwel// B75 to85\ C-5to4? |\B80t090 |\BP5t085 |\CS5to40 | B80t090| — 
stress 1000. 12,000 2,000 
1% | 7200 7,000 2400 
5,000 3,300 — 
| 1500 850 1,100 
temp.,°F. 1650 1650 1650 2/00 2000 1650 
"8! forging terp.,F. 2200 As for 18-8 2200 to2300 — 1950 
temp., F. Not under 1600 to/700 As for IS-8 Notunoer!600 to/700 
49€8/(NG treatment Heatat 1900 to +t As for 18-8 Heet et 2000 to — As for i8-8 
2000F and quench 2150F. and quench 


* Electrice/ resistence of cold worked 18-8 renges from 70 to 82 microhms per cm.cube 
** Therme/ conductivity is measured as ca/ories per sg.cm. per sec. per °C. per cm. 


+ Sme// cold reduction, followed by ennes/ at 1400°F.and quench 
+t fins/ heet treatment must consist of 2to4 hr. soek at 1550F. 
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Where wet corrosion is not a factor, nor 
the moderate embrittlement induced in 18-8 by 
a stay at these intermediate temperatures, 18-8 
has proven excellent in service up to 1500 or 
1600° F. The metal does not remain stainless 
at that temperature —in fact, it acquires a 
brown tarnish at a low temperature, 400° F., but 
this oxide coating is strongly adherent and 
impervious to further oxygen penetration. 


Higher Alloy Combinations 


Two other alloys of higher chromium and 
nickel have been introduced and are much more 
suitable for high temperature service. The 
so-called 24-12 (which may carry from 22 to 26% 
chromium and 10 to 14% nickel) resists oxidiz- 
ing and corroding atmospheres up to 1850° F. 
For somewhat higher temperatures, and more 
especially where high pressures must be resisted 
by a metal with good creep resistance, an alloy 
with approximately equal portions of both chro- 
mium and nickel (20 to 25% chromium and 20 
to 22°) nickel) is preferred. Both of these have 
their optimum physical properties after anneal- 
ing and rapid cooling from about 2000° F., and 
as can be seen by the attached diagram, the 
ultimate strength is on the order of 100,000 psi., 
reduction of area about 60°., Brinell hardness 
as low as 150, and the Izod impact very high — 
over 100 ft-lb. 

In either of these higher alloys carbon can 
be upped materially over that necessary in 
standard 18-8, and still retain a good austenitic 
structure. However, in order to retain good 
Izod impact, 0.15°° carbon should be the maxi- 
mum. Where maximum resistance to corrosion 
is required, this should still further be reduced 
to 0.07 or 


Pitting by Sea Water 


As before indicated, no one of these chro- 
mium or chromium-nickel alloys is a cure-all, 
and consequently when one of them fails in a 
certain service, it is no more than might be 
expected. For instance, one would be foolish 
to condemn 18-8 for not resisting active chloride 
solutions. What alloy does? 18-8 will resist 
hundreds of active corroding media that less 
noble alloys of iron rapidly succumb to. The 
problem, therefore, is to determine those envi- 
ronments where the given alloy will serve 
properly (and that is true for any alloy of any 
of the metals) and either modify it for better 


service in other environments, o; Willingly 
resign them to metals and alloys of anoth. 
family. 
A regrettable example is that chromiyy. 
nickel alloys are now practically blacklisted 
from marine structures because of some ynfor- 
tunate failures by the pitting type of corrosioy 
in places where stagnant sea water was in cop. 
tact with 18-8 — this despite the fact that many, 
many times the tonnage was serving perfectls 
well in other applications where the sea water 
coming in contact with it was moving or aerated 
This situation was reviewed in an editorial ip . 
MertaL ProGress in February 1935. 
More recent investigation indicates that pit- 
ting in 18-8 will occur during long exposure to | 
many relatively weak media, including chlorides 
and disinfecting solutions which do not attack 


Ultimate Strength 
Q ro 
100 4220 % 
~ Brinel! 
v \ Hardness 
80 yield 200 § 
Point 
& 60 — OU x 
Reouction 
40 6C 
F/ongation 
in2in. | 
1600 1700 1800 1900 2000 2100 
Rolled Annealing Temp., F. 


Excellent Physical Properties of 24% Chromium, l 2 
Nickel Steel (Especially After High Anneal) Are Com 
bined With Great Toughness, Workability and W eldability 


the steels by general corrosion. Pitting may als 
develop at contacts with other metals or no! 
metals. In any event, it seems that an elec- 
trolytic cell is caused by oxygen depletion, ane 
trouble once started is intensified by the pres 
ence of ferric chloride, a reaction product 
trapped in the cavities. 

Pitting type of corrosion can be caused 


the laboratory by salt solutions, salts of ferric 
chloride or other chlorides such as ammonium 
calcium, or potassium chloride. It is found that 
fresh sea water or sea water which |:2s fre 
access to air has a hydrogen ion centra- 
tion of about 7.5, that is, on the ! - 
Fresh sea water, after merely bott! it and 
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a few days, changes from basic 
, acid reaction, and even though the 
on concentration drops only slightly, 


yvare 

his ¢ ve from basic to acid really represents 
el ous change in the nature of the cor- 

«ding solution. Since 18-8 resists fresh sea 

cater with basic reaction without developing 


the general type of corrosion, even 
odefinitely in the salt spray test, the problem is 
.) make 18-8 more noble so that it will resist the 
alt water solutions of slightly acid reaction. 
Experiments indicated that the addition of 
»to 4 molybdenum would help quite a lot, in 
be sense that whereas two out of three of ordi- 
wry 18-8’s could be readily caused to pit, only 
yout one out of three or four heats containing 
molybdenum was susceptible. Adding a little 
opper helped a little more, and finally (in an 
-ffort to liberate all of the alloying elements and 
ix them in one homogeneous solid solution) the 
was precipitated with columbium,. There 
sas yet not enough time elapsed to say that 
his represents the final solution, but the case is 
» strong for 18-8 plus molybdenum and colum- 
um that preliminary investigation has been 
irranted by the chemical industry in places 
here strong brines and brackish waters are 
indled, and these have already indicated great 
‘lity for the material. It should also be of 


ytting 


Notably High Speed Railway Coaches. 


value to the dairy industry where calcium 
chloride refrigerants and strong cleaning solu- 
tions are commonly employed. 

Notable amounts of 18-8, strengthened by 
heavy cold work, have been used for deck 
structures in the Navy (prior to the above unfor- 
tunate occasion) and currently in the manufac- 
ture of light-weight passenger cars for high 
speed trains and railcars, and for truck bodies. 
The development of the shotwelding process, a 
high speed controlled type of spot welding by 
resistance, has permitted such fabrication of 
thin sheet metal. 


High Ratio, Strength to Endurance 


Despite strong support by one or two fac- 
tors in the aeronautic industry, this type of 
construction has not made much headway for 
aircraft where strong aluminum alloys pre-empt 
the field. This is possibly due to the fact that 
too much attention is given to the so-called 
“strength-weight ratio.” The situation is roughly 
that super-duralumin weighs only one-third as 
much as steel, and if stainless steel is to be 
competitive, it must have three times the ulti- 
mate tensile strength. Since nine failures out 
of ten in service in all mechanisms are due to 
break-down from fatigue rather than from over- 


Controlled Spot Welding Is Utilized With Thin, Work Hardened, 18-8 Strip to Manufacture Light W eight Structures 
This interior of the dining car on the Santa Fe “Super Chief~ shows how 


tira interior space is also available to increase the comfort of passengers. Photo courtesy Edw. G. Budd Mfg. Co. 
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powering single stress, it would be far more 


logical to base a comparison on the endurance 
ratio rather than the strength ratio. 

Under these circumstances, cold-rolled 18-8 
appears in a much better light. Instead of cold 
rolling the 18-8 so drastically to raise its tensile 
strength to say 175,000 psi., and thus reducing 
its toughness and workability to a point where 
it appears to be “over-rolled,” or increasing the 
carbon content to a point where cold rolling will 
induce the change from austenite to martensite 
during the mechanical work and also embrittle 
the alloy, it would be better to take a well- 
balanced 18-8 composition, cold roll it to 
approximately 150,000 psi. where the impact 
strength and workability still are high and the 
endurance limit is on the order of 65,000 psi. 
This will then compare very favorably indeed 
with the endurance of duralumin 24ST, which 
is less than 20,000) psi. 

These remarks should not be construed 
as a condemnation of the use of aluminum in 
aircraft construction. This undoubtedly is now 
and always will be most useful. It is desirable, 
however, to have alternative sources of supply 
for an essential industry. Strong engineering 
support can also be marshalled behind the posi- 
tion that as aircraft gets larger and larger, the 
relative position of the stainless steels as mate- 
rials of construction becomes stronger and 
stronger. These points were discussed at length 


in Progress last January. 


Nlodifications of 18-8 


Before describing the iron-chromium-man- 
ganese steels, which are a new family of impor- 
tant possibilities, some remarks on the various 
modifications of 18-8 by common addition agents 
will be valuable. 

(Carbon increases the strength but decreases 
the corrosion resistance and high temperature 
stability, even though it does not harm the oxi- 
dation resistance. For wrought products, there- 
fore, carbon is kept low and_ stabilized for 
objects which must be welded, or which serve at 
moderately elevated temperatures. Higher car- 
bon with properly balanced chromium and 
nickel is quite suitable for deep drawing and 
the manufacture of articles and utensils to resist 
moderately corrosive influences. 

Silicon increases the scale resistance by 
forming a tightly adhering tarnish layer, but 
also increases the embritthement during heating 
at temperatures between 1100 and 1700° F. by 


favoring the transformation of austenite 
ferrite. In considerable amounts it improves; 
weldability. More moderate  percentas, 
increase the resistance to dilute chlorides » 
hot, dilute sulphuric acid, but decrease | 
resistance to nitric acid. 

Tungsten increases the creep resistance and 
improves the sealing resistance and hardness 
wear resistance. Unfortunately, it is a rath, 
costly addition. 

Molybdenum will do almost everything tha 
tungsten will do. Two to 4° increases thy 
resistance to pitting, the general resistanc 
corrosion of sulphide liquors and = hydrog 
forming acids such as acetic acid in all conce: 
trations. However, it promotes the formati: 
of the ferritic constituent commonly known as 
the delta phase, thus impairing hot work. 1! 
can be counteracted by increasing nickel at {! 
rate of twice the amount of molybdenum — als 
by increasing the manganese and keeping | 
silicon down. Molybdenum increases ve: 
materially the creep resistance and the shor 
time strength at high temperature. It should | 
kept low in sheets that are to be hardened | 
cold work, as it counteracts this tendency. 

Titanium is useful in stabilizing and fis 
the carbon and thus decreasing the intergran 
attack by wet corrosion mediums after expos 
to moderate temperature. Titanium stabil 
austenite and thus enables the material to resis 
embrittlement after exposure at intermed 
temperatures. However, it does decrease so 
what the resistance of the metal to some im) 
tant acids. In the titanium-bearing steels 
nickel ordinarily goes to Some diflicul! 
have been had in introducing this metal in la 
American furnaces, which have not been exp 


enced abroad on a rather smaller seal 
working. An interesting application of a his 
titanium steel has been noted for the airera! 
industry, where a surplus of titanium ts 
duced to convert the metal into a slightly ™ 
tensitic or age-hardenable steel, thus | 
capable of modification by heat treatment, 
giving the alloy those other characteris! 
heat treated steel, namely, a high and relat) 
stable elastic limit and modulus of elas! 
Columbium, despite its relativel) 


($2.50 per Ib. at present) seems to haye We! 
while advantages. It does not de st 
general corrosion resistance nor th IVs 
properties of 18-8 when used in the proper l' 
centage. About ten times as much co! ooh 
G08 


carbon with carbon (Continued o! 
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Corrosion Resistanee of Stainless Stee 
Comp led from information furnished by Allegheny Steel Co.., l is slightly stained 4 
on la itory tests at room temperature, unless otherwise noted. » is stained 
\nalyses: 13 Cr has 12 to 14% chromium, 0.12% max. carbon; 3 is practically unaffected 
18-8 has 18 to 20% chromium, 8 to 10% nickel, 4 is ‘lial a ory ked 
0.35% min. silicon, 0.10% max. carbon. 6 is attached’ 
Organic Substances 13Cr 18-8 Acids, continued 13Cr 18-8 ‘is pitted 
Set BOL... 0 0 Salts, continecd = 
Can ©. 0 Sucinnic, molten .............. Potassium nitrate ...........0......0 
Car lisulphide 0 Sulphuric, conc. ........ Potassium oxalate . 
Carbo! trachloride ........ 6 Sulphuric, dilute ............ 6 Potassium permanganate 
Carbon tetrachloride, vapors Sulphuric (15%) plus 2% Sal volatile Gia le 
Ethyl chloride .............. 0 0 Sodium citrate . 0. 0 
Formaldehyde ..............- 0 Sodium chlorate, 25% 
0 Aluminum chloride ......... 6 4 0 
0 Aluminum sulphate ......... chloride. 0 
Glu ed, plus 1.0% H.SO, ...... 6 Dakin’ lution) 6 
0 Aluminum sulphate, saturat- (Dakin's solu ion 6 7 
6 Sodium hypochlorite, saturat- 
rm 8 ed, plus 1.0% Na,.CO...... 0 
Methyl alcohol .............. _ 0 —s ) ammoniacal (to 5 Sodium hypochlorite, saturat- 
Milk, fresh or sour .......... 0...... 0 Ammonium alum, saturated, alkaline 0 
Oi neral and vegetable ..0...... 0 Ammonium bromide ........ ‘at 913° Fé 
Pas compound ........2 0 Ammonium hydroxide .......0...... 0 Sodium sulphite 
Pin roa 0 Ammonium monophosphate . .. Sodium thiosulphate plus 4 
Qu bisulphate .......... 5 Ammonium netrate O......0 potassium meta-bisulphate 0 0 
Qu asus Ammonium oxalate ........ 0 Sodium thiceulphate 20% 
sulphate Ammonium sulphate ....... nlus acetic 0% 6 0 
0 Barium hydrate 0 Stannous chloride ...........6 ..5 
Tric! lorethylene, 100% ..... *Bleaching powder (400 to 
0.5% salt (to Calcium chlorate ................. Titanium tetrachloride . 0 
Acids 13Cr 18-8 *Calcium hypochlorite ...... Beevees 6 Miscellaneous isCr. 18-8 
: Calcium hypochlorite made Aluminum, molten ............ ..6 j 
|} A 0 slightly alkaline with NaOH ...... 0 Ammonia, gas or solution ..0 
0 Calcium hydroxide or oxide..0...... 0 tAtmosphere of steam, carbon 
0 Copper carbonate ........... 0 dioxide and air .... 0 
Acetic anhydride, 100% ..... 0 Copper chloride ............. 6 tAtmosphere of steam, sulphur 
| Acetic vapor, 100% .......... 5 0 dioxide, carbon dioxide 
| Acetic vapor, 38% .......... 5 Copper sulphate + 2% H.SO,4...... 0 vee 0 
Arsenic, up to 150° F. .............. 0 0 Baking oven gases .......... 0 
Pe SE” a. cericnetscieecocdwe 5 Creosote plus 3% salt ........ 5 Baking oven gases, hot. 2 
Boric 0 0 Bromine water ........ 6 
0 Ferrous sulphate ................ Cadmium, molten .... 
6 Chlorine gas, wet and dry 6 6 
-hioro-sulphonic, cone. ..... 0 ing solution . 0 
Chic sulphonic, 5 0 Copper cyanide electroplat- 
Chromic 6 Magnesium carbonate ....... 0 ing solution ..0 
-Oromic plus 10% potas- Magnesium chloride ......... ee 0 Gold cyanide electroplating 
si im ferricyanide ......... 1 Magnesium sulphate ........ 0 solution ........ 0 
Mercurous nitrate ...... 0 Hydrogen sulphide, 
Mercuric chloride .......... 6 ..0 
Mercuric cyanide .......... 0 ..6 
Phosphorous trichloride ............ 0 Mine water . 0 
Potassium bromide ......... 0 Nickel sulphate electroplat- 
Potassium cyanide .......... 0 Sauer kraut brine 
Potassium dichromate ............. 0 i 6 7 
Potassium ferricyanide, at Silver cyanide ele ctroplating 
0 0 0 solution . 0 
\ “centrated HNO, + 2% HCI6...... 6 Potassium ferricyanide, Steam and air, refluxed ....4 0 
5 Potassium iodide ......... Water (potable) .. 0 0 
0 Potassium iodide, saturated. X-ray developing solution .. 
0 plus 0.1% sodium carbonate Zinc, molten . 
| 0 evaporated to dryness ..... 5 Zinc chloride .... 
neh lemica 's frequently used as sterilizing reagents. 18-8 is *Gasoline containing anti-knock lead compounds attacks 
ected by suc reagents over short periods of exposure 18-8 under some circumstances 
applica “r.) but is not suggested for storage containers or tAir bubbles in many stagnant solutions may cause pitting 
— involving continuous exposure. attack. 
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Ask a production man his reason for 
choosing Carpenter Stainless bar stock 
...and invariably back comes the answer, 


“Because it machines easéer.”’ 


So often does this answer come, and from 
so many different types of plants, that it 
constantly confirms everything we have 
ever said about Carpenter Free Machining 


Stainless Steel. 


This ease of machining opens the door 
to many additional uses for stainless steel. 
Manufacturers are now finding it possible 
to give their products more complete 
protection from corrosion. Parts that 
were previously considered too difficult, 
and therefore, too expen- 
sive, to make of Stainless, 
are now being turned out 
economically through the sav- 
ings afforded by Carpenter 
Free Machining No. 5. 


rrosio 


A 


Carpenter No. 5 was used for the parts 
shown in the photograph. Note the clean 
machining obtained at a cutting speed 
of 175 feet per minute. In additioa to faster 
production and lower machining costs, 
the fine, smooth finish developed by this 
Stainless saves hours of time where pol- 
ishing is required. When super-corrosion 
resistance is called for, Carpenter No. 8 
—a free-machining 18-8 grade containing 


Selenium—supplies the answer. 


The Carpenter representative with his 
specialized knowledge of Stainless Steels 
is prepared to help you select the grade 
best suited to your particular require- 
ments. His experience on many different 
types of problems enables 
him to help you lower your 
"Om cost of handling Stainless 

Steel. Get the benefit of this 

experience by taking up 


your problem with him. 


: 
. 
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Stainless Steels 


(Cont, from page 604) 010° max. and colum- 
bium 1°> max. — gives a steel which is resistant 
to intergranular attack at all temperatures 
between 600 and 1550° F. Such an alloy also 
retains its toughness after long exposure at 
1200° F. (thus acting much as described above 
for 4 to 6% chromium steels), the Izod impact 
remaining at 100 ft-lb. or more. In columbium- 
treated 18-8 it is also desirable to increase the 
nickel to perhaps 10°, in order to counteract 
any tendency for the formation of ferrite. Up to 
"0, recovery of the alloy is obtained during 
melting, and scrap containing columbium can be 
remelted with recovery of three-quarters of it. 
Selenium has been used very successfully to 
improve the machinability of steels, as in the 
manufacture of screw machine products, and 
reduce their galling or seizing tendency. 


Chromium Steels With High Manganese 


Work on the chromium-manganese steels 
was started by Becket as far back as 1912, and 
in 1920 an alloy was patented having around 
25°) chromium and half as much manganese 
an austenitic alloy of high permeability and 
unusually suitable for electrode holders. 

Later work has been done to develop an 
alloy having a high degree of stain resist- 
ance and maximum drawing properties. More 
interest has been exhibited in Germany, where 
there is an acute shortage in nickel, but a con- 
siderable amount of sheet has been produced 
even in this country. 

Manganese and nickel are both austenitizing 
elements, but manganese is only about half as 
powerful as nickel. A further difficulty in the 
use of manganese alone is that either the aus- 
tenite or ferrite tends to precipitate a brittle 
constituent (possibly an iron-chromium com- 
pound). The result is that the useful composi- 
tions are fairly narrowly restricted. 

Probably the best combination is close to 
the well-known 18-8 proportion — namely, 18% 
chromium, 9° manganese, and carbon less than 
0.10. These alloys are not wholly austenitic 
even when quenched from the optimum tem- 
perature, namely, 1850° F. However, in this 
condition the metal is quite weldable, has a high 
Erichsen value (in the neighborhood of 10 in 
the form of 22-gage cold-rolled sheet), a Rock- 
well hardness of B-80, an Izod impact of more 


than 100 ft-lb., and an ultimate strenot) ,¢ 


110,000 psi. — truly a notable combinati: 
Since this metal is more easily hot worke: 
than the plain iron-chromium alloys, jt js , 


material of very attractive possibilities. Whe; 
properly annealed and descaled (with a jy: 
solution of hydrochloric acid and 7° pity; 
acid), it is more resistant to atmospheric eor- 
rosion than the 18°% chromium alloy althoug! 
not as good in general corrosion resistance as 
18-8; still it is excellent for many common weak 
acids, both organic and inorganic. It is particu- 
larly resistant to hot sulphur compounds. IIs 
creep resistance is not as good as 18-8 chro- 
mium-nickel, and it is subject to intergranula: 
corrosion by strong solutions after heating a 
intermediate temperatures (but this trouble is 
cured in the same way, by stabilization of thy 
carbides). 

While it is not as good as 18-8 in moderately 
hot service, it is more stable under constant o: 
intermittent service at 1650° F., retaining its 
ductility unimpaired under these circumstances 
In other words, even though the austenite in 
Cr-Mn steels does appear to be unstable at inter 
mediate temperatures, it has exceedingly good 
properties when hotter. 


Manganese Promoted in Germany 


Stability of the Cr-Mn-Fe austenite can lx 
increased by adding either copper or nicke! 
There is a definite limit to the copper additio: 
on account of liquation and hot shortness. One 
per cent gives approximately the maximun 
increase in ductility. Nickel not only stabilizes 
the austenite but also increases its proportion, 
and can alloy in unlimited amounts. It ther: 
fore works out that the 18° chromium, 4 
manganese, plus 1.5°% nickel is much used 1! 
Germany. If nickel is increased to 5° the man- 
ganese can also be reduced to 5‘% so that a! 


alloy containing chromium, 5° nickel an‘ 
chro 


5°) manganese is the equivalent of 15' 
mium, 8% nickel for workability. An eve? 
higher degree of workability is had if 1’ coppe! 
is added to this composition. 

In conclusion, it might be remarked (hat an 
alloy wherein the proportions are reverses 
namely, 16° manganese and 9% chromiun 
with 1% molybdenum, has been promoted '" 


Germany for deep drawing purposes - 
ther 

manufacture of domestic ware and ! ne 
st be 


uses where mild corrosive media 1 
resisted. 
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DO WE GO FROM HERE? 


Editorial Comment 


URING THE SUMMER the National 
Resources Committee submitted to Presi- 
dent Roosevelt a study called “Techno- 
The 
tions on the mineral industries and metal- 
v have appealed to Myron Weiss @ (asso- 
e editor of Time) as quite significant, and he 
sted these two chapters for possible use in 


rat Progress. Even Mr. Weiss’s digest is too 


‘for printing in full. From it certain impor- 


mt items can be quoted; remarks not in quotes 


re 
if 


res 


et the requirements of this country for a period 


by the Editor, 
As to the oft-expressed 
urces of raw materials are nearing exhaus- 


fears that our 


1, the Committee states: 


“If discovery of new deposits should cease 


iv, proven reserves in the United States would 


wing from perhaps ten years for petroleum to 


HS 


lecreased cost. 


ably more than 2000 years for coal. However, 
very will not cease in any predictable time. . . . 

seems little escape from the prospect that 
ng in the future must adjust itself to greater 
s or lower grade ores, or even to both. It is 
e case of lead and zine that we should expect 
ereeive the earliest developments of general 
is in mining techniques to meet the changing 
litions forecast by depletion. .. . Another solu- 
| the growing difficulties of mining is the use 
echniques which produce ore of lower grade at 
The invention of flotation, one 
e main factors that has made possible the 
ing of low grade ores, has proved to be among 
lost umportant developments in the history of 


mining, For this and other reasons there 


‘growing ability to treat complex ores containing 


rod 


‘ral metals and to separate them successfully.” 


ln other words, we have since the turn of 
century, by the perfection of our digging 
pment, our concentration and separation 
es, our smelting, leaching and electrolytic 
very, so far been able to cope with the 
ily depletion of our high grade minerals, as 
esult of hundreds of detailed refinements 
‘d processes rather than the discovery of any 
cally new thing excepting flotation. 
” much for the minerals we have. How 
it those we have not? 


“There is no definite list of strategic minerals, 
substances of which our requirements, previous to 
the War, had been wholly or largely supplied by 
imports from abroad. At present the American list 
includes manganese, for steel; tin, for food contain- 
ers; mercury, for detonators; tungsten, for high 
speed toolsteels and electric light filaments; chrome 
ore, for chemicals and metallurgy; platinum, for 
catalyzers; nickel for alloys. In some cases 
there is a fair probability that processes can be 
developed for converting the kind of material we 
can produce into the grade that industry demands; 
in others there seems little possibility of such a 
result. Changing the technique of the consuming 
industry so as to use the materials we have has been 
the most fruitful of results so far. No major devel- 
opments, from the mining standpoint at least, seem 
to be in easy reach.” 

The above rather pessimistic view from the 
chapter on Mineral Industries, written by Fred- 
erick Gale Tryon of the U. S. Bureau of Mines 
and others, is a better appraisal of the situation, 
in the Editor's opinion, than the following from 
Clifford Cook Furnas’s chapter on Metallurgy. 
(Dr. Furnas is associate professor of chemical 
engineering at Yale University.) 

“An unbiased survey shows that, if we were 
suddenly shut off from the world markets, it would 
be possible to take care of necessities with our 
home resources if we should apply existing know!l- 
edge of metallurgical processes to the working of 
low grade ore deposits, and possibilities for substi- 
tution of one material for another.” 

Very good —if time were available, but 
anyone who was mixed up with ordnance during 
the War knows that /ime is the one thing you 
mostly have not. It has taken us just about 20 
vears to substitute molybdenum (of which we 
have plenty) for tungsten (of which we have 
relatively little) as an alloving element, and no 
amount of time would be suflicient to make 
molybdenum into a satisfactory lamp filament. 

Urged by war necessity and ample subsi- 
dies, development of known deposits of low 
grade ores will be matters of months rather than 
vears, for the sinking of shafts, the driving of 
tunnels, the building of reduction plants, the 
perfecting of processes all take time. 
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Consider manganese as an instance. By far 
the most important of our “strategic” metals, 
nothing fundamental continues to be done about 
our own deficiencies. Uncle Sam = shows no 


interest in the oft-made proposal of importing 


a surplus of high grade ore for a stock pile 
against the inevitable emergency. Neither is 
the steel industry doing anything observable 
toward the commercial development of some of 
the likely looking proposals for converting low 
grade ore (of which we have much) into high 
grade ferromanganese. The latter is truly a 
surprising situation in view of the care with 
which the steel masters acquire and safeguard 


their iron ore resources. 


“As in every other line of industrial activity, 
the most noticeable trend in the metallurgical indus- 
tries has been the increased efficiency of production. 
One item seems to stand out very clearly, namely, 
that the production of the various metals is becom- 
ing more and more of a complicated business. One 
of the major effects of this tendency has been, and 
will continue to be, a distinct change in the type of 
personnel required, requiring an increasing number 
of high caliber, technically trained men. As _ proc- 
esses become more and more complex, they pro- 
gressively require more expensive equipment and 
personnel and hence tend to be a barrier in the 
way of small producers. The improved mechanical 
techniques all seem to be pointed toward labor 
saving. This tendency will unquestionably enter 
the picture of technological unemployment.” 


In Dr. Furnas’s view, the trends therefore 
merely extend those observable at present and 
in the recent past—— that is to say, a greater 
diversification of alloys, improved in quality, at 
lower costs and with less labor. He sees no 
prospect for any direct process of making steel 
from ore, but is charmed by the proposal to 
produce sheet by pouring molten metal between 
water-cooled rolls. He finds no revolutionary 
change in metallurgy in sight. 

Anyone who would criticize this lack of 
prophetic vision should try it himself. He would 
conclude that world-wide industrial revolutions 
have come about from discoveries of new 
sources of power: First was man power, then 
beasts of burden, then after thousands of years 
was water power, then steam, then electricity, 
then internal combustion. What is there left? 
We might hazard four guesses: Tides, direct 
radiation (sunlight), internal heat of the earth, 
atomic disintegration. When any one of these 
gets to the operating stage, prepare to revise all 
old concepts of economics and production. 


Another thing which is characteris} 


standing technologic advances — at leg 
as the recent ones in metallurgy are « 
is that they violate established co; 
grossly as to appear, at first sight, to vi 
fundamental laws. Revolutionary dis 
wait until the inventor starts to thin! 
opposite direction to the line taken by }) 
temporaries and all his predecessors. 
Take, for instance, flotation, th, 
improvement of fundamental importance 
mineral industries since the turn of the c: 
Prior to its discovery, the whole art of or 


In 


Uf 


| 


ntum 


ciress 


ing, of separating valuable minerals from wort 


less gangue, depended on the fact that o: 
heavier than the other and the heavy on 
be made to sink. Flotation so violates | 


it Was 
COUG 


und 


mentals that the heavy one is made to float 


Discovery of high speed steel, anotlhy 


our epoch makers, really involved the dis: 
of a heat treatment —a heat treatm: 


nt 


bizarre that anyone would have told you |! 


the tool would be ruined beyond repair 

Hardened aluminum is an invention | 
important than high speed steel, since 
only made available the necessary light | 
for aviation, but also has influenced | 
mentally the whole science of metals. Yet 
done by a mild reheating that any fool 
would temper and soften a quenched 
rather than harden it. 


10 less 
it 
netals 
und 
it W 
kine 


To render iron a noble metal-—p! 


against scaling by hot gases, rusting by th 


ments, or corrosion by acids — sounds as silly 


making’a silk purse out of a sow’s ear, y¢ 
metals, chromium and silicon, neither o! 
noble, do it. Enter the stainless steel age 

Maybe we are too close to this ev 
view it in its proper perspective, and tly 
might be true of the rise of the welding 


esses, Which might be classed as the mos! re 


of our fundamental advances. Here, to 
paradox persists that the most brutal imag 
treatment of good metal results in stro! 
able joints. 

Casting our minds along this pr 
of flotation, high speed steel, hardene: 
num, stainless and welding, and attem)! 
project them into the future indicates 
thing clearly: That the really fun 
advances will come when someone 
mind out of the rut that every other 
creation is following, and goes off in a 
different direction. That takes course 
extent of fool-hardihood! 
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COMMENT 


notes of a 


busy week 


TIEWERS WITH ALARM and doubting 
Thomases were unusually vocal when 
Atlantic City was chosen for the site of the 

i087 @ convention and exhibition. Never before 

| any of the 18 predecessors been held outside 
industrial region. Nevertheless the National 
tal Exposition has grown to such dimensions 

i halls large enough to house it can be counted 
the fingers of one hand—and of these the 

litorium in Atlantic City stands pre-eminent. 

wise the number of visitors has grown to a 

nidable number for hotels to house in addition 
egular patrons. Here again the choice was 

tunate in finding the resort off-season; head- 
irters hotels of each of the societies were filled 
ipacity, but additional accommodations were 

It was as 


lily secured in good ones nearby. 
ugh Atlantic City had re-opened for your bene- 
iotley crowds on the boardwalk were replaced 
sroups of your own acquaintances. Looking 
ward, therefore, it is clear that the choice 
onvention city would certainly be approved 
those fortunate enough to be there. 


po THE FIRST TIME the Exposition was 
restricted exclusively to members of cooper- 
is societies and invited guests, locking out 
irms of the idly curious. Registration at 11,000 
‘tituled no record for numbers, but undoubtedly 
iched an all-time high in quality. While an analy- 
i the cards has not yet been made, it is certain 
nore & members attended than ever before. 
‘rican Welding Society’s Miss Kelly also reports 
ew record by an even hundred. Registration of 
‘wo mnetal divisions of the American Institute of 
ing and Metallurgical Engineers has been 
‘ceeded only once, says John Breunich of the 
teadquarters’ staff. 


ONORS for meritorious contributions to the 
H science and art of welding, in the form of 
the Samuel Wylie Miller medal, were awarded to 
H. Sidney Smith, chief engineer of the Prest-O-Lite 
Co., and consulting engineer for Union Carbide Co. 
A lifetime in England and America, where he came 
in 1911, has been spent on the production and safe 
handling of dissolved acetylene, and as an offshoot 
from this he has made significant contributions to 
industrial safety and fire prevention. Among his 
other honors have been the presidency of the 
British Acetylene Association, the International 
Acetylene Association, and the Compressed Gas 
Manufacturers Association. 


HREE of the societies recognized the out- 

standing merit of technical contributions to 
their published records by appropriate medals and 
scrolls. The Henry Marion Howe medal for the 
outstanding paper in @ Transactions for 1936 was 
awarded to “X-Ray Investigation of the [ron-Chro- 
mium-Silicon Phase Diagram,” by A. G. H. Ander- 
sen, director of the research department, Phelps 
Dodge Corp., and Eric R. Jette @, associate 
professor of metallurgy in Columbia University. 
Wire Association’s medal went to “Abnormal Grain 
Growth and the Annealing of Low Carbon Steel 
Wire,” by Benjamin L. McCarthy @, chief metal- 
lurgist of Wickwire Spencer Steel Co. — the second 
time for “Mac,” who announced that hereafter his 
papers could be printed but not considered in 
competition. The best paper published in the 
American Welding Society Journal was judged to 
be “Welding in Tanker Construction,” read at the 
Thursday session by T. M. Jackson, chief electrical 
and welding engineer of Sun Shipbuilding and Dry 
Dock Co., and it was therefore awarded the Lincoln 
gold medal. 
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peng of @ officers at the annual meeting 


note an unprecedented growth of Society 


affairs in almost all directions. President Bain 
stressed the educational activities of the various 
Chapters, noting the fact that the enrollment in 
such courses totaled no less than 4000 members. 
In this vein he awarded the President's Bell for 
outstanding services to the Philadelphia Chapter, 
the citation being “not only for excellent educa- 
tional work, not only for an inspiring sponsorship 
of studies at Temple University, and not wholly 
for the making available by publication of its 
exceedingly fine lectures on fundamentals — but 
rather for sustained quality of excellence, main- 
tained at a mark set some ten years ago.” 

Membership is now over 10,000, an increase 
of one third over that a year ago. During Presi- 
dent Bain’s incumbency four new Chapters and 
three student groups were organized, bringing the 
number from 42 to 49. The new Chapters are 
“Puget Sound” at Seattle, “Oregon” at Portland, 
“Texas” at Houston, and “Calumet” at Hammond, 
Gary and East Chicago. The new student groups 
are at Virginia Polytechnic Institute, Michigan 
College of Mines and Technology, and Missouri 
School of Mines and Metallurgy. 

Secretary Eisenman dwelt upon the activities 
of the central office and its various supporting 
committees, calling particular attention to the fact 
that gross expenditures per member are about $32, 
which is $22 more than the annual dues, this addi- 
tional $22 being obtained from the conventions, 
advertising, books and periodical sales. Four sec- 
tional meetings were held during the last winter; 
next spring a Metal Exposition and Congress will 
be held in Los Angeles, the dates being March 21 
to 25. He also announced that next year’s conven- 
tion will be held in Detroit the week of October 17. 

Treasurer Woodside summarized the audited 
balance sheet showing income for the last fiscal 
year of $297,508.03, expense $252,197.18 (both fig- 
ures exclusive of $40,497.56 returned to chapters) 
and net gain $45,301.85. Total assets of the @ are 
about $300,000, of which $200,000 is classed as 
“surplus.” Securities owned have a market value 
of $181,416.61. Audited reports from Chapters show 
a total of about $60,000 additional assets held by 
them. 


 prccunrs MEETINGS held satisfactory audi- 


ences, although these would have been even 
better if so many demands had not been made. 
Twice a day from Monday morning to Friday after- 
noon, the seeker after knowledge had to make 
choice among from two to six opportunities. No 
less than 116 papers were presented for discussion; 
a more satisfactory result for all concerned would 
ensue if only the outstanding ones were chosen and 
featured. 


YEAR the Board of Trustees Si 
secretaries of Chapters who had serve. | 
years or more in that capacity to be guests the 
© at the Convention, Messrs. Handy, Mat! 
Peterson, Walker, Caswell and Holden. Thjx 
another name was added to that roll — Fr, \l 
Reiter of the Dayton Chapter, and he was presen 
as the honored guest of the Society. 


ERCULEAN was the job courag: sly 
H attempted by Earnshaw Cook to discuss jp 
live short lectures the whole subject of openhearth 
steel making; an appreciative class of 200 attended 
More informal were the three discussion confer- 
ences led by J. R. Vilella on what to do and what 
not to do to improve metallographic techniqu 
Exhibits of good and bad work, due to adherence o 
neglect of this, that or the other precaution, wer 
exceedingly instructive. 


HIS COMMENTATOR, long a guerrilla warrio: 

for more comfort and better ventilation i: 
meeting rooms, can report a simultaneous high and 
low. The ballroom at the Auditorium was so larg: 
that it could not be fouled by a normal amount 0! 
tobacco smoke and the congregation rested al! to 
comfortably in Morris chairs and over-stulle 
davenports. Meeting room B, on the other hand 
was low ceilinged, sealed against entry of that w 
advertised sea air, and furnished with folding 
chairs hardly less comfortable than found at 4 
bridge benefit. 


N THE OTHER HAND, the Exposition was 
O wonderful, by common acclaim the mos! 
colorful and brilliant by far — an amazing chang 
from the comparatively drab appearances of on) 
three or four years ago. Superlatives are We 
ranted, for the high arched roof lent a spa 
feeling; ventilation was perfect so the many o}" 
ing furnaces caused no discomfort; some ac 
trick quieted down the normal noises. 5 
well-designed and executed showings met !! 
that comparisons are invidious. Those whic! 
the welding contingent, had operating « 
relied upon motion to catch the passing ey¢ 
notably the metal producers, utilized ar! 
colored backgrounds — even elaborate stag 
to house and set off their products. 

Cut-away models, full size, of furnaces 
by convection (such as Leeds and Northrup 
and Lindberg’s Cyclone) were notably in! 
In the elaborate exhibit of Republic Stee! 
found a full-sized cross section of a railv 


b 
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Budd of stainless steel. General Electric 
= working line-up of scale-free hardening 
| nt on drill chuck parts. Among other 

« exhibits might be mentioned bright zinc 

by Du Pont; localized heating by high fre- 
nduction by Ajax Electrothermic; Holden’s 
four salt baths for molybdenum high speed 
preheat, high heat in ceramic pot, quench, let 
Youngstown’s continuous mill for cold roll- 
ilaves’ tube furnace simply made of a hollow 


Globar and serviced by a small sized gas prepara- 
tion unit: Bethlehem’s operating model of a heat 
treating plant for alloy bars. Whether it was 
because this reporter played with block letters in 
‘is babvhood, or because of the stark simplicity of 
the huge letters, the TIMKEN booth keeps recurring 


to mind 


© THIS OBSERVER, the clever puppet show 
on the Auditorium’s stage, created by Tony 
Sarg no less, was the high spot of exhibitionism; 


t relied upon the most ancient showmanship of 
universal appeal. The story of how the Tip-Top 
lool Co. (no, not Fool Co.) was rescued from an 


inferior steel, and of Dr. Fixit of Carnegie-Illinois 
wlallurgical service who saved the day for Tip- 
lop and gained a large order for Carilloy, and the 
harrowing experiences of the animated connecting 

ls, both good and bad, in the good Doctor’s test- 
i¢ machinery, sounds trite enough, but — most 
everybody saw the show at least twice. 

We are still puzzled: How could so many jest- 
ng lines get by the top executives at 71 Broadway? 
For most of their ilk appear to have left their sense 
{ humor on the second or third rung of the ladder 

i the way up— at least as far as their own busi- 
less Is concerned. Maybe they sat down and saw 
We observed a fascinated father and 
son at one performance, and the same merriment 
vas spread broadly over the faces of both 40- and 


‘-vear old. 


the show! 


|’ iS BAD ENOUGH to be expected to diagnose 
unerringly the minor ailments of the family 
notor car, so this metallurgist declined to expert 
‘he radio and its inner workings. It would now 
/pear that a much closer acquaintance with the 
vhole subject of electronics is really necessary, now 
‘hal Vacuum tubes are used in inspection machines, 
/yrometric indicators and heat controls, to say 

‘hing of resistance welders. Howard Scott @ 
‘ssured us that the tubes in the latter (so neatly 
‘aking a sine wave apart and shooting bits of it 
ito lapped stainless sheets and aluminum) exhib- 
' by Westinghouse were good tubes containing 
aS they did considerable of the alloys konel and 


kovar (he couldn't have said “fernico”) 
A. O. Smith also showed a magic box with a pointer 
to be set at the correct voltage for a welding arc, 
as determined by the supervisor for the given rod, 
covering, and size of joint, whereupon signal lights 
show — one when the are is too short, one when the 
are is too long, none when the are voltage is correct 
to within one volt plus or minus. Likewise a pair 
of flashlight bulbs in either cheek of the operator's 
helmet tell him the same story in the corner of his 
eye and without distracting his attention from the 
actual job. Truly an important aid to learners, to 
old hands for periodic check-up or for guidance 
with unfamiliar electrodes, and for constant super- 
vision on all work of critical nature. 


YEAR OR SO AGO Leon Bibber left the 

employ of the U. S. Navy for that of Big 
Steel, but apparently took with him some remem- 
brances of explosion bulkheads and bulbous war- 
ship bottoms, for now we find him testing welded 
drums by filling them with water, lowering in an 
explosive cartridge, running for a bomb-proof and 
pressing the button. An improvement on Old Faith- 
ful geysers out the open top of said drum and (if 
tough enough) it assumes a shape exciting ribald 
comment. Just another one of those impact tests! 


HIS MULTIPLICITY of tests is wearisome to 
: spirit, so Horace Knerr assures us that his 
is no new test, just a new Brinell tester. Knerr’s 
slogan, as you may know, is “You can make it 
lighter of heat treated alloy steel,” and he proves 
the point by replacing cast iron and cast steel with 
the above-mentioned material and a 3000-kg. tester 
with 10-mm. bal! emerges weighing only 30 Ib. 
While it is capable of handling work of moderate 
size, a simple strong-back will adapt it to the test- 
ing of anything up to armor plate and 18-in. guns. 


the heat and corrosion resisting alloys of chro- 
mium, nickel and iron. Cast, forged and welded into 
furnace parts, they are responsible for our present 
highly developed art of heat treatment. Too often, 
though, they fail because of unfair circumstances 

it is difficult enough to resist hot oxygen without 
having to strain against unequal expansions, 
warped furnace bindings, rigid fixtures or a swell- 
ing load. Hence it was good news to find a number 
of new and intelligent designs evolved by General 
Alloys’ staff for chains, trays, boxes, beams and 
conveyors, in every one of which the alloys are 
given a chance to work without handicap. 


| IS NO NEWS that the Editor is an admirer of 
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hard as 


RON-COBALT- TUNGSTEN alloys, whose structure 
| and hardening characteristics were the sub- 
ject of the Campbell Memorial Lecture, form 
an important family of cutting tools, first 
described as “Alloy 548” by Zay Jeffries and 
W. P. Sykes in Merat ProGress, February 1933. 
Continuous study in the intervening years has 
enabled Mr. Sykes, the lecturer, to present a 
much more comprehensive view of the ternary 
equilibrium diagram than available in 1933, but 
that portion of his lecture is too extensive for 
brief abstract. The present aim will be to show 
how he correlates the hardening reactions of 
certain of these carbon-free alloys with those 
of our fundamental cutting tool, namely high 
carbon steel. 
lt has become customary to look upon the 
hardening of alloys (even of steel, the iron- 
carbon alloy) as manifestations of a general 
phenomenon precipitation from a super-sat- 
urated solid solution. It is true that many non- 
lerrous alloys can be hardened very usefully by 
a high temperature solution heat, then quench- 
ing to fix this condition, and finally reheating 
moderately to allow the metastable solution to 
precipitate a shower of submicroscopic particles. 
However, the degree of hardness achieved by 
such methods is in nearly all cases far inferior 
fo that after quenching and tempering a high 


> 
= 


Summary of Campbell Memorial Lecture 


By Wesley P. Sykes 
Metallurgist, Cleveland Wire Works 


General Electric Co. 


carbon steel. On the assumption that the hard- 
ening of steel is only a special case of the general 
principle of precipitation hardening, the ques- 
tion may reasonably be asked, “Why is_ this 
special case so outstanding in the result?” 

In the latest edition of The Metallography 
and Heat Treatment of Iron and Steel, Dr. 
Sauveur discusses martensite and the hardening 
of steel and remarks: “In no other alloy does 
the solvent undergo an allotropic transforma- 
tion in the quenching bath, a transformation 
which is accompanied by a great fall in solubil- 
itv. In no other alloy is so excessive a degree of 
supersaturation created by quenching. . . . To 
express it differently, the urge to age on the part 
of an excessively supersaturated solid solution 
of carbon in alpha iron is so great that aging 
starts at once, whereas in solid solution of 
non-ferrous metals no such urge exists hence 
time and even increased temperatures are 
required to cause precipitation.” 

In his lecture Mr. Sykes shows how the same 
combination of allotropic transformation and 
fall in solubility occurs in a ternary, carbon-free 
alloy, and not only matches the hardness of 
quenched, high carbon steel, but also duplicates 
the microstructures! 

Of several alloys available, the one chosen 


for this summary contains 350° cobalt, 20% 
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tungsten and 50% iron, made from chemically 


purified oxides, reduced, melted and heated 
under hydrogen, so that the carbon content is 
less than 0.01%. In what follows it will be 
termed “the alloy.” It solidifies as a gamma 
solid solution — that is to say, a single phase 
alloy of face-centered cubic crystallinity. On 
cooling to about 13900 (25307 F.) an excess 
constituent called epsilon phase puts in its 
appearance, and increases in amount as the tem- 
perature falls — that is to say, the solubility of 
epsilon in gamma decreases with temperature. 
(Epsilon has been shown to be a mixture of two 
intermetallic compounds, Fe,W., and WCo, 
Which are isomorphous and crystallize in the 
trigonal system.) On cooling through the range 
965 to C. (1770 to 1720) the gamma solid 
solution changes to an alpha solid solution 
that is to say, recrystallizes into body-centered 
cubic. Furthermore, alpha has a considerably 
less solubility for epsilon than the gamma phase 
from which it was formed, and this solubility 
also decreases with temperature. 

One does not need to emphasize the simi- 
larity of these structural changes on cooling 
with those of a hyper-eutectoid carbon. steel 
other than to list the data, as in the tabulation 
on this page. Using the analogy to high carbon 
steel, the microstructure after various common 
heat treatments may be anticipated. In the 
words of the lecturer: “In cooling to room tem- 
perature even by drastic quenching the gamma 
is so thoroughly converted to the low tempera- 
ture alpha form that the X-ray is unable to 
detect any residue. As previously mentioned, 
this lattice change imparts to the final alpha 
structure the Widmannstatten pattern {shown 
in the top view on page 651] and results in a 
considerable increase in hardness (Rockwell 
C-38). With very slow cooling from 1400 to 
1100) C. (2550 to 2010° F.) the gamma grain 
boundaries are outlined by a thick network of 
epsilon precipitate and within the gamma grains 


this phase segregates as long needles 


ming 

once again this well-defined Widma, itten 
pattern.” 

Slow cooling through the transfo) ition 

and then holding 20 hr. at each of the su! ritical 


temperatures 925 and 900° C. before quenchin 
gives highly dispersed epsilon, precip lated 
during the gamma-to-alpha transformati ind 
growing in size at the long stay at about 900° ( 
as shown in the third view. Again using Vy 
Svkes’ words: 

“Thus far in order to identify readily th 
existing phases we have been concerned with 
structures formed under conditions approaching 
equilibrium — that is, resulting from extremely 
low rates of cooling. Following the trail blazed 
by Davenport and Bain, we may arrive at 
fuller understanding of the time-temperatur 
relations governing the gamma-to-alpha trans- 
formation by causing this reaction to proceed 
isothermally and observing the accompanying 
volume change. Thus by rapidly transferring 
the alloy specimen from some predetermined 
temperature within the gamma range to a dila- 
tometer maintained at the desired constant tem 
perature, expansion is observed to begin afte: 
certain lapse of time.” 

The time required for the onset of th 
transformation in a given alloy depends upo 
first, the temperature of initial heating and 
second, the temperature of the quenching 
medium, Examples of isothermal transforma 
tion at four temperatures were given by tli 
lecturer. After heating for 1 hr. at 14007 | 
(2370° F.) the sample was quickly transferre: 
to the dilatometer at the designated tempera 
tures; plainly the beginning of expansion |s 
delayed more and more as the temperature ©! 
decomposition is lowered. 

The so-called “S” curve of subcritical trans- 
formation is shown in the diagram on page 62 
Points on Curve C, representing completion 0! 
reaction, may be estimated from the mich 


50:20:50 Co:W:Fe 12%C Stee/ J 

Freezing completed 2660°%F 2500. 

fructure Gamma solution Gamme solution (austen'c 
Excess constituent appears 1890. 
Constituent Fe;Wo-WCo (epsilon) FesC (Cementite 
So/ubility just above transformation O%W O0.8F%C 
Transformation range 1770 to 1720°F. 
Transformation product Alpha solution Alpha solution [fer 
Solubility just below transformation O0.0F%C 
Solubility at room temperature 4% W 0.01 %C 
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rounded particles like the nodular pearlite (troostite’) 
in high carbon steels. After an hour at 900° C., the 
decomposition is nearly complete, as shown by the 
etched microsection at the bottom of page 652. In the 
few gamma areas remaining we see a scattering of 
epsilon particles which have attained visible dimen- 
sions. It is evident, therefore, that in the decomposi- 
tion of gamma at 900° C., the allotropic transformation 
is preceded by precipitation of epsilon, the excess 


lf Woter Quenched as a Gamma Solid Solution, constituent. The lamellar nature of the decomposition 
sforms to Alpha W ith idmannstdatten products is clearly revealed: the details are better 
Mar Imposed by the Gamma Crystallinitt ome 

shown in another alloy (20° 


Co, 10° W) after similar heat 
treatment.” 
Hardness changes accom- 
panying decomposition at con- 
stant subcritical temperatures 
are shown on the semi-loga- 
rithmic plot, time vs. Rockwell 
hardness, C scale, at the top of 
page 653. In the initial hori- 
zontal portions of the heavy 
curves for 900, 750, 600 and 
500° C. may be recognized the 
time interval preceding the 
start of reaction. Once under 
If Slowly Cooled, Taking 60 Hr. to Reach 1100° C. (Above way the hardening cycle 
Transformation, and Then Fixed by Quenching), Excess rapidly reaches a maximum at 
Epsilon Constituent Is Precipitated at Gamma Grain 
Boundaries and Within Gamma Grains on Crystal Planes 


Left; If Slowly 
Cooled Below 
the Transforma 
tion Tempera 
ture, Gamma 


structure or (if below 600° C.) 
irom the extent to which the alloy 


develops its full hardness upon 
directly transferring to 600° C, 
irom the temperature of iso- 
thermal transformation, 

“In order to follow the 
hanges in structure and hardness 
Which accompany the isothermal 
‘ransformations we have only to 
quench small blocks of the alloy 
‘rom a selected temperature 
vithin the gamma range, using as 
‘quenchant some liquid medium 


‘aintained at the desired temperature of transformation th 


Changes lo 
Alpha, and Par 
ticles of Epsilon 
(Less Soluble in 
Alpha Than in 
Gamma) Grow 
to Considerable 
Size in the 
Alpha Grains 


Below; If Water Quenched and Then Tempered 
5 Hr. at 600° C., the Hardness Is C-67 and 
Structure Is “Martensitic,” Fine-Grained 


fen JOO" C. and 100° C. By withdrawing specimens Alpha With Submicroscopic Epsilon Dispersion 


‘rom the bath at intervals and water quenching we may 
‘low the progress of the reaction from the accompanying 
“rostructures. As quenched from 1300 

salt at 900° C. (1650° F.), held at that temperature for 10 


n.. they 


water quenched, the resulting structure shows 
eas, grains of gamma which were still intact at 
| which, of course, changed to alpha during the 
room temperature, outlined with rapidly etching 
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Decomposition Temperature, °C. 


YOO” C., and less rapidly at 750° C., and then 


falls away. Prior to the completion of the 
gamma-to-alpha transformation (the peak of 
the hardness curve corresponds to the complete 
microstructural change), the measured hardness 
after quenching to room temperature is the 
resultant of two structures, the alpha solid solu- 
tion which transformed only during the final 
cooling and the duplex structure of alpha and 
epsilon formed from gamma during the stay in 
the hot salt. 

Dotted curves marked 900, 600 and 500 illus- 
trate the course of the hardening cycle observed 
in the alloy after first water quenching from 
¢ 
ature ina salt bath for the plotted time. Resum- 


». and then reheating at the given temper- 


ing the lecturer's phraseology: “In this case we 
have forced the gamma-alpha transformation to 
take place at room temperature and then by 


5 20 50 100 
T 
| C 
| | 
~_|7ime Required for Beginning 
of G3mme Decomposition 
After Solution { A:1100°%C. (2010) 
‘Treatment at | (2370%F) 
| C Approximate Time for Completion | 
Qs / 5S 50 /00 /000 10,000 


Minutes 


reheating have allowed the precipitation «) , psi- 
lon to proceed at a higher temperatury thir 
the fine-grained alpha matrix. This process soe. 


(1650° F.) that afte; 
10 sec. the alloy has increased in hardness fpoy) 
C-38 to C-64, but, as might be expected, it over. 
ages rapidly. 

“Upon quenching from 1300° C,. 
(1380 
than at 900° C. but moves more slowly to com 


on so rapidly at 900° C, 


to 750° 
I.) the reaction begins with less delay 
pletion. As may be seen from the left mi 

on page 654, the product of gamma decompos 
tion at 750° C. fails to display the lamelia) 
appearance observed after the 900) C. reactio) 

but at 500 diameters assumes a needle-like « 

feathery form extending outward from a gamma 
grain boundary or from centers within the vrai: 

At higher magnifications evidence of a lamella 
nature is still visible.” 

At 600° (1110° F.) the alloy starts 
ing only after 5 hr. has elapsed, although aft 
100 hr. it is approaching the high hardness o! 
C-67 developed within an hour's aging of thy 
water quenched alloy. “That by two such dey 
ous courses the hardness of a material should 


| 


SC! 


attain values substantially identical is in | 


worthy of observation. More important, | 


ever, is the fact, demonstrated by the dott 


If the Alloy Is Quenched From 1300° C. Into M 

at Subcritical Temperatures, the Gamma to Alp! 
tion Takes Some Time to “Incubate” and Then ! 
to Completion at a Certain Rate. The S curv 

data characteristic of each temperature. The d 
tion product at 900° C. (1650° FL) slightly 
transformation temperature is a fast-etchin 
reminiscent of nodular pearlite; the analogy 
its definitely lamellar structure shown in the m 


ners 
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ne: o O5 / 5 20 50 100 Diagram Showing Change in 
T T TT Hardness ifter Quenching 
From 1300° C. Into Salt Baths 
110° | at Temperatures Shown on the 
00. 4 — Full Lines, Holding There for 
Times as Plotted Horizontally, 
and Then Quenching in Water. 
Dotted lines show change in 
\, / from 1300° C. and then tem 
MO pered increasing times at tem 
NOs. | fj peratures noted, The two 
curves for 450° C, superpose 
microcharacter, in fact, 
f shows that a remark- 
| | able hardness increase 
/ has occurred within the 
4 | 
needles, the micro hard- 
G00 °C. (1110 ness number having 
| increased from 1830 to 
| 4 oF] 6430 as the time at 
25 5 10 500 1000 10,000 
Minuet 50 100 from 1 hr. to 50 hr. It 
appears, moreover, 
from the same test that 
ive for 600° C. in the diagram above, that hardening has also taken place in the matrix. 


1 fine-grained alpha matrix the precipi- 
ition and attendant hardening proceed at an 
e\tremely rapid rate when the alloy is reheated 
and has attained a maximum of Rock- 


ell ( 
“The significance of this phenomenon will 


66 to 67 within an hour’s time. 


ecome apparent as we consider the progress of 
sothermal decomposition and hardening at 
‘ieomperatures below 600° C. If the alloy be 
13007 C. to 550° C. (1020° F.) 
mid held at the latter temperature, no measur- 


juenched from 
ible hardening is observed within the first 100 
'. This reluctance to harden is to be expected 
irom the shape of the “S” curve. 

“AL SOO" C. (935° F.) the formation of alpha 
is under way again at the end of an hour and 
in alloy specimens (water quenched from 
1)” C.) we find the presence of alpha revealed 
in these scattered areas of acicular pattern. See 
the right hand photomicrograph on page 654. 
these needles are outlined only by extended 
etching, and suggest in appearance the familiar 
martensite in a freshly quenched steel. Even 
though these needles at first etch with difficulty, 
they are shown to be substantially harder than 

unding matrix by the microcharacter. 

“With prolonged stay at 500° C. these areas 


wltiply and some are darkened rapidly by the 
etchar idicating the presence of a highly dis- 
see precipitate within the alpha needles. The 


“The considerable increase in Rockwell C 


hardness which attends this precipitation at 


500° C. within the newly formed alpha needles 
may be seen from the upswing of the full curve 


marked 500° C. in above. We 
have found earlier that a hardness of C-67 may 
be developed in the alloy by reheating at 600° C, 


for 1 hr. following a water quench from 18000 C, 


the diagram 


In such a case, precipitation occurs in a matrix 
consisting entirely of the alpha 
solid solution formed from gamma during the 
A lightly etched microsection of 


fine-grained 


water quench. 
the alloy fully hardened in this manner reveals 
the original Widmannstatten pattern (see the 
bottom photograph on page 651). If but a part 
of the gamma had _ transformed the 
600° C. reheating, we might expect rapid harden- 


before 


ing only within those portions of the specimen 
occupied by the alpha phase, with a resultant 
hardness after 1 hr, at 600° C. somewhat below 
the C-67 value and bearing a close relation to 
the completeness of the gamma transformation.” 

A series of experiments wherein the sample 
was taken from one salt bath at 500° C. and 
immediately transferred to a hotter one al 
600° C. confirms this prediction. After 1 hr. in 
the hotter bath, then quenching, the sample was 
hardened about 5 numbers on the C scale. This 
was true even of a sample held 30 min. at the 


lower temperature (on the flat portion of the 
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full curve, page 653). Obviously, the formation 
of alpha must have started during the first few 
minutes at 500° C.; otherwise the treatment at 
600° C, would not have increased the hardness 
nor yielded the final structure — darkly etching 
needle-clusters in a background of alpha. 

“Let us now consider the decomposition of 
gamma in a specimen at 450° C. (845° F.) fol- 
lowing a quench to that temperature from 
1300° C. Expansion begins almost immediately 
according to the dilatometric data and is sub- 
stantially complete within 30 min. Hardness, 
marked with crosses on the diagram on page 
653, also rises at a fairly uniform rate, reach- 
ing a value of C-58 after 100 hr. Superposed on 
this curve are the values marked with squares 
representing the ‘normal’ age hardening of this 
alloy at 450° C. following a water quench from 


Transformation at 750° C. (1380° F.) Assumes 
a Feathery Growth. Magnified 500 x. It is 
of lamellar nature at higher magnification 


1300° C. From the coincidence of these hard- 
ness values we may conclude that in both cases 
precipitation of epsilon is taking place within 
a fine-grained alpha matrix. We should, then, 
anticipate with confidence the rapid develop- 
ment of full hardness if a specimen after 1 hr. 
at 450° C. were to be transferred directly to 
600° C. and held at this temperature for 1 hr., 
and this, in fact, occurs, results being C-67 to 
C-68 after all stays at 450° C. of 1 min. to 100 hr. 

“While no attempt was made to determine 
the transformation-time relationships at temper- 
atures below 400° C. (750° F.) in this alloy, it is 
reasonably certain that in water quenching to 
room temperature the gamma is almost com- 
pletely converted to alpha within a few seconds. 
Hardening data confirm this conclusion, for the 


maximum hardness is approached upon 


transfer to 600° C, following a 5-min. period a) 
200° C. No measurable hardening occurs 
200° C. within a period of 100 hr. and hence yy 
must conclude that at this temperature the dif- 
fusion rate of tungsten is so low that precipita. 


tion of the epsilon constituent and the attendan: 
hardening occur very slowly, if at all. 

“Perhaps the most fascinating aspect js 
the analogy existing between these carbon-fre: 
ternary alloys and plain carbon steels. 

“The microstructures resulting from camma 
decomposition in the two alloys are remarkab)y 
similar. Precipitation of a carbide on the om 
hand and of a tungsten-rich compound on thy 
other keeps pace with gamma-alpha transfor- 
mation over limited ranges of decomposition 
temperatures. In the case of the steel this rang 


Transformation Within 5 Hr, at 500° C. (930° F.) Gives Whi 
Martensitic Needles. (200 x). Prolonged stay 
precipitation in the needles (they then etch rapidl 


extends down to 150 or 200° C. In the other 
alloy precipitation begins to lag at 90) | 
(935° F.) and becomes infinitely slow at 500 
(570° F.). The behavior of both alloys when 
first quenched from the gamma range to room 
temperature and then reheated is represe!' 
by time-hardness curves almost identical | 
shape. But to react thus the carbon-fre: 
must be aged at 525 to 600° C. (1000° I.) 
difference may reasonably be consid: 
result directly from the slower diffusion a 
tungsten in the alpha solid solution. As ‘res! 
quenched, both alloys exhibit the slow ng 
reaction typical of ‘white martensite, 
‘apid darkening of the alpha needles 
etchant after aging indicates the pres 
highly dispersed precipitate.” 


read to 
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T WAS not many years ago that the diffrac- 
] tion of electrons by crystals was considered 

one more of those curious and somewhat 
useless phenomena in the realm of “pure” 
physics, confirming, to be sure, certain inter- 
esting theories of the nature and habits of 
electrons, but scarcely a thing of direct interest 
lo the average metallurgist. Rapid developments 
i numerous laboratories here and abroad are 
langing this and are bringing electron diffrac- 
tion into place beside other established research 
tools for physics, chemistry and metallurgy. 

[he development dates from 1927 when 
Clinton J. Davisson and L. H. Germer of the 
bell Telephone Laboratories and, independ- 
ally, G. P. Thomson in England first succeeded 
i getting a beam of electrons to diffract from 
‘crystal in the way that a beam of X-rays 
(oes. The original discoverers have continued 
their investigations, and other laboratories have 
become active in the work, including three or 


‘our metallurgical laboratories in this country 
ind perhaps more in England. 


ven a stream of electrons encounters a 
| behaves in all respects like a train of 
“aves: It is diffracted like a beam of light is 
“iffracted by a grating of evenly spaced lines, or 


CTVSta 


By C. §. Barrett 


Metals Research Laboratory 
and Department of Metallurgy 


Carnegie Institute of Technology 


like X-rays are diffracted by the regularly spaced 
atoms of a crystalline substance. It is not nec- 
essary to insist that the electrons actually con- 
sist of waves, but they do go in those directions, 
on the average, that true waves of a certain 
wave-length would go. The electron wave- 
length —or, more precisely, the wave-length 
that accounts for the motion of the electrons 

depends on the velocity with which the elec- 
trons are moving and is the shorter the greater 
this velocity. The electron velocity, in turn, is 
directly related to the voltage applied to the 
electrodes of the vacuum tube in which the 
electrons move. The relation giving the wave- 
length A in terms of the voltage V applied to the 
tube is A \V/150 — V in Angstrém units (an 
Angstrém is 10° cm.). Since it is convenient to 
operate electron diffraction equipment at poten- 
tials between 30,000 and 70,000 volts, it follows 
that the electrons ordinarily used in diffraction 
work have a wave-length between a tenth and 
a twentieth of the wave-length of X-rays used 
for similar work. 

It might be mentioned that all other mate- 
rial particles as well as electrons have this prop- 
erty of acting as if they were waves; physicists 
have succeeded in diffracting atoms and mole- 
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Cathode, at 
high voltage 


Discharge tube 


Pinhole for 


(source of electrons] collimating 
beam 
~ 
Leak to main- 
tain proper air x px 
pressure 
: 
Water cooling —] 
chaenne/ 
Hates to de- 
flect beams 
Mercury 

Trap for deflec- —| Vapor 

ted beam trap 
Magnet for 
focussing 


beam 


This consists of a hot filament of the type d 


of a gas-discharge tube similar in principle to th, 


| 
| Specimen 
carrier 
| [adjustable] Diffusion 
pump 
Window for ob- 
serving pattern 
on screen 
Fluorescent 
screen and 
holder Shutter 
and camera 


An Electron Diffraction Camera (Cambridge Instru- 
ment Company, Inc,, After a Design by Finch) 


X-ray tubes, or in alternative designs it may consis 


tubes 


containing rare gases that are now so common) used 
for advertising signs. The electrons from one or the 
other of these sources are accelerated by an applied 


voltage, which is supplied by a constan) 
potential, direct current, electrical machine. 
and are collimated into a fine stream }y 
passing through small pinholes. The elec- 
tron beam is then directed at the specimen, 
where it is either reflected from the surfac 
or transmitted through the specimen, jf 
thin enough, 

Electrons in the beam, interacting with 
the atoms in the specimen, are diffracted 
or “reflected” by the atomic planes at defi- 
nite angles that are determined by the 
crystalline structure of the specimen and 
the wave-length of the electrons. The dif- 
fracted beams are made visible by inter- 
cepting them with a screen of fluorescen| 
material that emits light when the electrons 
impinge on it, and after adjustments hay 
been completed a permanent record is mad 
by exposing a photographic film to the 
diffracted beams. The pattern that appears 
on the film after it is developed is simila 
in most respects to the diffraction patterns 
produced by X-rays, the principal differ 
ence being that it is confined to a muc! 
narrower range of angles because of th: 
shorter wave-length of the electrons. 

All of these essential elements 
source, pinholes, specimen, fluoresc 
screen and film — must be mounted 1 
chamber that is highly evacuated, for tl 
electrons would be rapidly absorbed in ai 


cules from crystal surfaces, and if it were not 
for certain technical difficulties we might even 
be diffracting golf balls about the laboratory! 
The difficulties in experiments with particles 
heavier than electrons are considerable, how- 
ever, and these experiments do not vield a pro- 
portionate amount of new information above 
that given by electron diffraction. The same 
can be said of experiments with slow electrons 
produced in apparatus operating at only a few 
hundred volts. Applications of interest to 
metallurgists have been made almost entirely 
with fast electrons in the range between 30,000 
and 70,000 volts. 

Essential parts of an electron diffraction 
camera are sketched in the figure shown above. 
A source of electrons is the first requirement. 


at ordinary pressure. The necessary va 


is maintained by pumps of the mercury «i! 


sion type and their auxiliary equipment, 
ingenious devices are used to manipulal: 
pinholes, specimen, and film from the « 
of the vacuum chamber. 


Studies of Thin Metallic Films 


The most striking characteristics 
electron diffraction method are the ex! 
short exposure times required to produc: 
exposed photographic film — fractions « 
ond instead of the hours that are usual 
work — and the minute quantity of ma! 
will diffract the electrons. A metalli 
thin as to be translucent or transparen! 
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Electron Diffraction Pat- 
terns Formed by Reflection 
From Surface of a Speci- 
men. On the left—zine 
oxide; on the right—-gamma 
Phase of aluminum-zince 
alloy (Courtesy M. L. Ful- 
ler, New Jersey Zine Co.) 


will diffract electrons 
very strongly and, in 
fact, if a film is much 
thicker than this it 
will completely 
absorb them; a layer 


of oxide on the surface of a metal will produce 
a diffraction pattern when it is thin enough to 
vive interference colors (temper colors) or in 
some cases When it is so thin that it is invisible. 

Qne of the most 
successful applications 
has therefore been the 
study of thin films of 
this sort including those 
produced by electro- 
deposition, sputtering, 
precipitation col- 
loidal suspension, con- 
densation of metal 
vapors, OXidation and 
other chemical reac- 
tions at metal surfaces. 
In this field electron dif- 
fraction is able to pro- 
vide the same kind of 
information that X-ray 
diffraction provides for 
thicker layers; namely, 
the identification of the 
phases in the laver and their crystal structures, 
the approximate grain size in the layer, the 
State of strain in the laver, and the orientation 
Of thr vrains, 

bul the peculiar advantage of the use 
of electrons for work in this fiefd lies in the 
fact that they are diffracted strongly by the 
very outermost atoms of the specimen and con- 
vey information to the photographic plate con- 
cerning these atoms only, whereas the X-rays 
ass (hrough these surface atoms without being 
much affected and penetrate to much greater 
depths, thus recording, when they emerge, 
chiefly the conditions in the deeper layers. 
Electron diffraction deals with the outer mil- 
Honth of an inch or so of the specimen and can 
tec’, for example, the invisible oxide layer 


November, 


that forms on copper exposed to the air at room 
temperature for a few minutes. X-rays deal 
with lavers whose thickness is measured in ten- 
thousandths or thousandths of an inch. 

It is because of the extreme importance of 
thin films in the processes of oxidation and cor- 
rosion that metallurgists have followed the 
development of electron diffraction with such 
interest. They have at their hand, at last, a 
method of revealing and identifying the pro- 
tective oxide layer that forms on aluminum, the 
passive film on iron, and the composition of the 
oxide layer on stainless steels and other cor- 
rosion resisting alloys. Accompanying illustra- 
tions show the type of patterns formed when 
electrons are reflected from the fine-grained 
material at the surface of a metallic specimen. 
The spacing, intensity, width, and smoothness 


Left: Electron Beam 
Penetrating Film of 
Silver Four Millionths 
of an Inch Thick 
Gives a Beautiful Dif- 
fraction Pattern. (By 
L.H. Germer, Bell Tel- 
ephone Laboratory) 


Below: Single Crystals Give a Diffraction Pat- 
tern of Spots, This striking pattern was formed 
by transmission through a very thin single 
crystal of graphite (G. I. Finch, Imperial 
College of Science and Technology, London) 
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of the rings characterize the crystal structure, 
grain size, and orientation of the metal or oxide 
surface. Layers of non-metallic materials on 
the surface have been effectively studied by 
electron diffraction in connection with lubrica- 
tion and wear problems; for example, oriented 
graphite layers are found on cast iron cylinder 
walls and piston rings, and oils and greases are 
found to adhere to the surface with their mole- 
cules oriented in definite directions. 

The nature of the bond between oxide and 
metal is opened to investigation and the distort- 
ing effect of the metal on the first few layers of 
atoms in the oxide can be seen clearly. It has 
been found that the crystal structure 
of thin deposits in many cases is 
altered to match the arrangement of 
atoms on the surface of the sub- 
stratum. Aluminum is distorted from 
a cubic structure into a tetragonal one 
when deposited in a thin layer on 
platinum, for example, and similarly, 


deposited iron.) Thin, oriented layers o) single 


crystals were discovered in the early electro; 
experiments of G. P. Thomson; X-ray studies hy 
R. F. Mehl and his coworkers have show that 
thicker oxide layers on single crystals are ori. 
ented, and now it is known that a great mam, 
deposits on polycrystalline metals, and on mica 
and celluloid have a preferred orientation. 
Thin deposits of metals on polished meta) 
surfaces are not permanent. Finch, Quarrel! 
and Roebuck have noticed that the diffractio; 
pattern of the deposit is visible for a few mip. 
utes or a few hours, depending on the combina. 
tion of metals used, but it gradually fades away. 


Pattern Formed by Transmission Through a Thin Gold Foil in 


zine oxide forms on zine with the lat- Which the Grains Have a Preferred Orientation (M. L. Fuller 
tice of the oxide dis- 

torted to match the Below: Reflection Pattern of Iron, 

lattice of the metal. Electrodeposited on Polished Cop- probably as a result of diffusion of 
Anomalous lattice per, Shows Intense Arcs Due to a the deposit into the substratum 


Preferred Orientation of the Grains 
(G. I. Finch, Imperial College of 


dimensions, such as 


while standing at room temperature. 


these, exist over only a Science and Technology, London) A similar deposit on etched metal 


few lavers of atoms 
adjacent to the metal-to- 
metal or metal-to-oxide 
interface and are not 
detected by \-ray inves- 
tigations of thicker lay- 
ers. Sometimes crystal 
structures of these oxide 
lavers are entirely dif- 
ferent from those 
observed for the same 
material in bulk; for 
instance, a new cubic 
modification of zine 
oxide has been found 
adhering to zine. 

It is quite the usual thing for the thin depos- 
its to have a preferred orientation of some sort. 
This is revealed in the patterns by a lack of 
uniformity in the intensity of exposure of each 
ring on the photographic plate, or, in certain 
cases, by abnormal intensities of certain rings, 
indicating a preference for certain planes in the 
crystal to lie parallel to the substratum, or for 
the crystal axes to point in certain directions. 
(Note the pattern just above from. electro- 


does not fade in this way, from 
which it appears that the rate of 
diffusion into the polished layer is 
much more rapid than into the 
undistorted metal. Quantitative 
information on diffusion rates may 
be anticipated. 


Gases Absorbed in Metals 


The extraordinary sensitivity of 
the electron diffraction camera to 
thin layers of material can be a con- 
siderable nuisance when if comes 
to actually carrying out an exper 
ment. It is a standard complaint 


that almost anything, if given a chance, wil! ~ |- 
lect on the specimen in sufficient quantitics ‘© 
cause trouble. The thinnest invisible deposi!s 
of grease, for example, give excellent diffraction 
patterns, as many investigators have fo to 
their sorrow, and a little mercury dep sed 
from the vapor that has worked back into the 
camera from the vacuum pump will | ky 
affect the patterns. 


For this reason there has been mucli 
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the resulting diffraction pattern consists merely of two very : 
broad, diffuse rings. The striking diffuseness of the pattern 
is interpreted by many experimenters to indicate a lack of 
crystallinity in the surface material and to furnish direct 
proof of the amorphous metal hypothesis. At the 1935 
symposium of the Faraday Society in London, devoted to 
the “Structure of Metallic Coatings, 


Filn é S ‘es > ePYi- 
Pattern Formed by is, and Surfaces,” it became evi , 


tainty as to the interpretation of certain peculiar 
rings that are occasionally found in the diffrac- 
tion patterns. These “extra” rings, not found in 
the normal patterns, may be the result of sur- 
face contamination, but recent experiments by 
Finch and Quarrell seem to indicate that at 
least some should be attributed to absorbed 
gases, for they depend both on the nature of the 
meal and of the gas. It is reported in this con- 
nection that gold and silver foil will show extr: 
rings after a mild heat treatment in air, and that 
ihe extra rings are removed by subsequent heat- 
ing in a vacuum, as if oxygen were dissolved 
interstitially in the crystal lattice by the first 
heating and driven out by the second. 


Amorphous (?) Metal 


There has been —and perhaps will be- 
no end to the arguments about the nature of 
the polished surface of metals. The discussion 
enters around Sir George 
beilby’s suggestion, made 
early in the century, that the 
polishing operation distorts 
the crystals until all erystal- 
linity is lost and the atoms at 
he very surface have only the 
iaphazard arrangement char- 
aclerisic of an amorphous 
iaterial such as a super- 
voled liquid. This amorphous 
etal theory has had many 
ups and downs during its tem- 
Pestuous life, but the principal 
up” was given to it a few 
‘ears ago in this manner: 

When a beam of electrons 
alls with glancing incidence 
“pon a polished metal surface 


After Heating to About 
400° F. The rings indi- 
cate the hexagonal oxide, 


Reflection From the dent that this is the opinion of 
Oxide on Ingot Iron nearly every English investigator, 


and after reading the papers and 
discussion at this symposium it is 


alpha FeO. (H. R. Nel- difficult to believe that any grounds 
son, Battelle Mem. Inst.) remain for doubting that polished 


surfaces are amorphous. 

There are, however, certain very good rea- 
sons for questioning the value of this electron 
diffraction evidence. Dr. Germer, for instance, 
has shown by a number of ingenious experi- 
ments that the same pair of diffuse rings (so 
widely interpreted as proof of amorphous 
metal) can actually be produced from samples 
that have never been polished, as well as from 
samples with smoothly etched surfaces! In fact, 
both Germer in this country and Kirchner 
abroad have shown that a thin film of crystalline 
material may give a pattern of normal, sharp 
lines with a fransmilled electron beam and yet 
show only diffuse rings with a reflected beam. 
A pair of Dr. Germer’s patterns is reproduced 
at the bottom of this page. 

This novel experiment is rather definite 
evidence that the crystalline nature of a surface 
cannot be judged safely by the results of a single 
technique. The explanation of this probably lies 
in the effect of slight surface unevenness upon 


A Transparent Film of Zinc Sulphide, Eight Millionths of an Inch 
Thick, Gives a Crystalline Ring Pattern by the Transmission Method 
(on the Left) and an “Amorphous” Diffuse Pattern by the Reflection 
Method (on the Right). (L. H. Germer, Bell Telephone Laboratories) 


November, 1937; Page 659 


2) 


the diffracted rays, for if the electrons enter and 
leave the same surface the direction of the dif- 
fracted rays that emerge will be altered by 
changes in the slope of the surface. Thus, if the 
surface is wavy, the diffracted rays will emerge 
in various directions and there will be a cor- 
responding diffuseness in the diffraction pat- 
tern. On the other hand, if the beam enters and 
leaves different surfaces ——or passes through 
thin projecting edges — this factor is not effec- 


tive and a sharp pattern is possible. 


While Dr. Germer thus discredit. ¢), 


testimony of the reflection experiments this 
question, he does not insist that the Ib. 
amorphous metal hypothesis is necesssrjjy 
wrong. In fact, it seems to be impossil)|; t 
reach a definite conclusion on the quest at 
this time, for some experiments point ye 


way and others point almost as clearly the othe; 
way, While the majority have been conducted jp 
a way that prevents any rigorous conclusion { 
be drawn from them. 


METAL 


CANS 


FOR FOOD 


Massachusetts Institute of Technology recently conducted a ‘‘Food Tech- 
nology Conference,” at which Robert S. Williams, head of M.JI.1"s 
Department of Metallurgy, read a paper on “Research in Metallurgy 


and Its Significance in Canning.” 


Hlerewith is a digest thereof, pre- 


pared by Myron Weiss, @ associate editor of Time Newsmagazine 


in the canning industry, in 
any industry in which metals are used, 
would presumably consist of : 

1. A study of the properties of commonly 
used metals with a view to determining their 
good and bad qualities. As a corollary to this 
study would be added the development of tests 
for these properties, tests which are accurate, 
Such 
tests require the most painstaking study as they 


reproducible and as rapid as possible. 


may well become the basis for the selection or 
rejection of large quantities of material involv- 
ing large sums of money. Research leading to 
the establishment of such tests may result, and 
indeed is known to have resulted in the past, in 
savings many times the cost of the investigation. 

2. A second purpose of metallurgical 
research is in the development of new alloys 
With more than five 


were no need for further research \ 
of this kind, but actually the num- 
ber of possible combinations of 
metals is limitless, and alloys will 
surely be found that are more sat- 
isfactory for your needs than those 


for specific purposes. 
thousand different alloys available 
today it would seem as if there 


now available. 


3. A third object of metal- 


lurgical research closely associated with th 
first is the establishment of suitable standards 
for acceptance of metals and alloys purchased 
either for the manufacture of cans or to be used 
in kettles, trays, pans or other equipment of th 
canning industry. These standards may | 
physical or chemical but probably will be bot) 

The application of research to a_ special 
problem may be illustrated by a brief account 


is 


of an investigation carried out at Massaclhiusé 
Institute of Technology in association with on: 
of the can manufacturing companies. 

A most serious situation had developed 
leading to an enormous number of failures du 
to corrosion inside the can with the correspond 
ing formation of hydrogen. “Springers” 
“swells” developed to an alarming degre: 
most detailed investigation of the cause of {lies 
involving several million separal 
observations was carried 
the company. Studies wer 
of different varieties of fr 
conditions in different orc ares 
of differences in fertiliz ind 
sprays, of differences in | ng 


failures 


methods. 
Eventually a careful 
lurgical study of the tin p! 
(Forward to page 0 
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N 1801 Cuartes Harcnerr found that certain 
| hard, dull-black crystals which the British 

Museum had obtained from Haddam, Conn., 
possessed properties unlike those of any other 
mineral then known. Recognizing that he had 
discovered a new mineral, he named it colum- 
ite after Columbia, since the sample had come 
irom America. A year later a similar mineral 
was found by A. G. Ekeberg, of Sweden, in a 
sample from Kimito, Finland, and subsequently 
by other scientists in specimens from Boden- 
mais, Bavaria, from Australia, and from numer- 
us localities in North America. 

Because of the similarity of columbite to 
‘he mineral tantalite, the geologist Wollaston in 
iN) mistakenly proclaimed that columbium 
ud tantalum were identical, About 1840, how- 
ever, Rose definitely proved that columbium was 
a distinct element, and called it niobium (from 
Niobe, daughter of Tantalus) to distinguish it 
from tantalum. For a while, Rose believed that 
te had discovered still another element, pel- 
plum. but in 1853 he concluded that niobic and 
pelopic acids were obtained merely from differ- 
“nt oxides of what he called niobium. (Further 
“ormation on the discovery and identification 
‘umbium may be found in the American 


~ 


4 


By W.D. Wilkinson, Jr. 


Electro Metallurgical Co., 
New York City 


Journal of Science and Arts, 1877, p. 359, and 
Proceedings of the American Philosophical 
Society, 1905, p. 151.) 

Columbite is now known to be an iron 
columbate in which iron and columbium are 
usually replaced in part by varying amounts of 
manganese and tantalum. If columbium pre- 
dominates the mineral is called columbite; if 
tantalum predominates the name given is tanta- 
lite. These two elements are often associated 
with each other in varying proportions and with 
various amounts of iron. The Black Hills of 
South Dakota and parts of North Carolina, 
Colorado, and Greenland are among the sources 
of columbium in the Western Hemisphere. 

The absence until recently of any substan- 
tial commercial use of columbium, and the fact 
that because of this it had not been made avail- 
able in large amounts, have given the impres- 
sion that columbium is an exceedingly rare 
element, but this is erroneous. The sources of 
columbite in the United States, Africa, Australia, 
and other countries are deemed adequate not 
only to satisfy present demands but also, as far 
as can be foreseen, to take care of any future 
demands for those applications in which its use 
has been shown to be beneficial. 
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This Typical Lump of Ferro-Columbium Con- 
tains Approximately 55% Columbium, 80 to 85% 
of Which Is Recovered When the Ferro-Alloy 
Is Used in Making Columbium-Bearing Steel 


Columbium metal was first prepared by 
Blomstrand in 1866 by reducing the chloride 
with hydrogen. Twenty years later Marignac 
sought to reduce the complex columbium salt, 
potassium oxy-fluo-columbate, K.CbOF,, with 
aluminum, but his resulting product was an 
alloy of columbium and aluminum. Around 1900 
Henri Moissan obtained metallic columbium by 
the reduction of its oxide with carbon in an 
electric furnace. 


Separation of Metallic Columbium 


According to Moissan’s notes published in 
Comptes Rendus in 1901, he used an American 
columbite, first fusing it with carbon for a short 
period with a high amperage current. He states 
that by this method the columbium was freed 
from manganese, some of the iron, and most of 
the silicon. The result of this operation was an 
alloy of columbium and tantalum, together with 
some combined carbon. The columbium was 
next separated by chemical means from the 
tantalum. Being then in the form of an oxide, 
the columbium was again reduced with carbon 
in the electric furnace. The resulting product 


undoubtedly was high in carbon in the { 
columbium carbide. 


m of 


The method of obtaining metallic co)ym. 
bium that a producer of this metal uses a) 
ent is to dissolve the oxides of columbium anq 
tantalum in hydrofluoric acid and then to cop. 
vert to the double fluorides with potassium. The 
two compounds can then be separated because 
of their differences in solubility, and the colym. 
bium then obtained by electrodeposition from 
its fused salt. 


For the most important commercial uses 
columbium does not need to be completely iso- 
lated and it is therefore used in the form of 4 
low carbon ferro-alloy containing from 50 to 
60° columbium. Ferro-columbium is an electric 
furnace product made by methods analogous to 
those used in the commercial production of 
similar alloys. 

Columbium is a malleable steel-gray metal 
with about the hardness of wrought iron and 
with a specific gravity of 8.57. It can be spot 
welded to itself or to other metals, and in the 
absence of oxygen fine particles can be sintered 
together under pressure while hot. Moissan was 
the first to note the unusual ability of molten 
columbium to absorb and combine with carbon. 
From a metallurgical standpoint, this property 
of columbium is most significant and important. 

Although columbium has been used as the 
cathode in electrolytic rectifiers of alternating 
current, and in radio tubes both as an oxygen 
“getter” and as a filament, there are no very 
important uses of the metal in its pure form 
Similar conditions exist abroad, in the opinion 
of contributors to the 1930 edition of The Min- 
eral Industry of the British Empire and Foreign 
Countries. However, its properties suggested 
that columbium might be valuable as an alloy- 
ing element in steel. 

Some early work on this application ind 
cated that columbium has an even greater 
toughening and hardening influence on steel 
than elements such as vanadium, tungsteh, 
chromium, and molybdenum. It was even sug 
gested that in a high speed steel 6 to l-" 
columbium might replace 12 to 20° tungsten. 
The addition of about 2% columbium we 
recommended for steels containing cera!" 
amounts of tantalum and tungsten. Colum ):um 
was also observed to have a scavenging 

Although these results and propose 
cations were described as early as 1 
were apparently of more theoretical tha 
tical interest, and high columbium ste: 
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sed to any extent. The hardening and 


neve 

toug ng effects and the scavenging action 
app tly could be attained more economically 
throuc!: the use of ferro-alloys of other metals. 


\n important contribution to the literature 
imbium as an alloying element in steel 
appeared in 1933, when Becket and Franks dis- 
cussed before the American Institute of Mining 
and Metallurgical Engineers the effects of 
columbium in plain, high chromium steels. Plain 
chromium steels had been used for many years 
because of their strength, hardness, and cor- 
rosion resistance, and one of their well-known 
properties is a tendency on air cooling to 
develop a martensitic structure, which is rela- 
tively hard and brittle. 
Knowing that the character of a steel is 


on ¢ 


PLAIN CoLUMBIUM- 
CHROMIUM BEARING 
STEEL STEEL 
Base metal B-75, 76 B-76, 77 
Near weld B-80 B-77 
Contact zone B-110 B-85 
Weld B-87, 85 B-87, 87 
Contact zone B-111 B-83 
Near weld B-85 B-77 


Base metal B-76, 75 B-76, 76 
Practically no hardening can be detected in the 
base metal. Welding rod in this experiment 
contained 24° chromium, 12° nickel. 

Another significant effect noticed in high 
chromium steels is that columbium shortens the 


annealing period required to improve their 
properties, particularly their ductility. Even 
without annealing, columbium-bearing steels 


These Specimens Show the Effect of Columbium in 
Increasing the Oxidation Resistance of Plain 6% 
Chromium Steels. At left is original size of sample; 


middle is plain 6% chromium steel after 600 hr. at 


governed largely by the iron-carbon constituent 
and that columbium, having a strong affinity for 
carbon, forms stable carbides, Becket and 
Franks decided that the effects of columbium 
in chromium steels of the air hardening type 
would be worthy of investigation. Easier con- 
(rol of air hardening would be an advantage in 
the production and fabrication of these steels. 
lt was discovered that columbium modifies the 
carbon constituent of these chromium steels in 
such a way that their tendency to air harden is 
largely Consequently, even thin 
sages remain soft and the steels are more suit- 
able for hot working. Its effect on the Rockwell 
hardness of welded joints in 4 to 6% chromium 
‘eel is as shown in the following tabulation: 


overcome, 


1380° F.; at right is 6% chromium steel containing 
0.70% columbium after a similar treatment. The 
plain chromium specimen contained 0.06% carbon, 


the columbium-bearing specimen, 0.07% carbon 


are often more ductile than plain chromium 
steels that have been annealed. Since there is 
not so much need for annealing to improve 
ductility, the presence of columbium in these 
steels insures better results when welding, or 
when cutting them with the oxy-acetylene flame. 
Latest data on the low chromium steels are 
contained in Russell Franks’ paper before the 
@& convention, last month. 

The results of Becket and Franks’ investi- 
gation further indicated that the addition of 
columbium to steels containing less than 12° 
chromium improves their resistance to oxida- 
tion and to many corrosive agents. The improve- 
ment in oxidation resistance is retained at 


elevated temperatures. These effects are attrib- 
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uted in part to the fact that car- 
bon combines readily 
with columbium than with 
chromium. <As result, the 
formation of chromium car- 
bides at elevated temperatures 
is largely prevented, and the 
chromium remains available in 
a form that will help the metal 
resist the attacks of corroding 
media, 

Becket and Franks have 
also experimented over a num- 
ber of vears on the effect of 
columbium on the chromium- 
nickel austenitic stainless 


steels, and this work is reported 
in Transactions AALM.E. for 
1931, page 145. 

They were especially inter- 
ested in the corrosion resistance 
of these steels after exposure 
to such temperatures as might be encountered 
in use or during fabrication, 

Metallurgists will recall that ordinary stain- 
less steels of this type are highly resistant to 
most corrosive conditions, but that those with 
ordinary amounts of carbon lose some of this 
resistance after being subjected to certain tem- 
perature ranges between approximately 750° F. 
(100° C.) and 1650° F. (900° C.), although the 
range in any particular case is generally much 
narrower. Subsequent exposure to corrosive 
media even at normal temperatures might then 
result in corrosion at or around the grain bound- 
aries. Susceptibility to this tvpe of corrosion is 
caused by subjection to the above temperatures 
during use, or sometimes by the heat of welding. 

Although the corrosion resistance of the 
welded metal can be restored by heating to 
about 21007 F. (1150° C.) and then quenching, 
such heat treatment is not always practicable 
with welded installations. In such cases another 
method of eliminating any possibility of the 
metal being susceptible to intergranular corro- 
sion would evidently be helpful. It is for this 
reason that experiments were made to deter- 
mine whether the addition of columbium, which 
proved useful in stabilizing the carbon in plain 
chromium steels, would also improve the chro- 
mium-nickel austenitic stainless steels. 

While it is not the intention of this article 
to outline the research work done on the effect 
of columbium in stainless steels, one series of 
tests will be mentioned because it is typical of 


Engine Exhausts Carrying Hot Combustion Gases From Doped Gas 
Troublesome to Maintain, but the Ones Made of Columbium-Bearing 8S! 
United Air Line Transports Have Given Perfect Service Over a Long Pe: 


the care and thoroughness with which th: 
experiments were carried out. Becket and 
Franks decided to subject columbium-bearing 
stainless steels to various temperatures that 
might conceivably cause susceptibility to inte: 
granular corrosion, and then compare their co 
rosion resistance with similarly treated contro! 
specimens that were free from = columbiun 
Although the temperature range that causes 
subsequent disintegration on boiling plain stai! 
less steel in corrosive media was found ord 
narily to lie well within the temperatures giv: 
above, the test temperatures chosen ranged 
down to 570° F, (300° C.) to give greater latitud 
for exceptional cases. The corrosive agents fo! 
the tests were chosen on account of their genera! 
use in industry and their known aggressiveness 
For this series of tests they were either a 6» 
solution of nitric acid (sp. gr. 14), or a 1 
sulphuric acid solution (sp. gr. 1.07) with ! 
copper sulphate. The samples were main! 

at a specified temperature for periods ve 
from 1 hour to five months, and then boile 
at least 200 hr. in the corrosive test solul 

The results of these tests indica! 

columbium-containing austenitic chro! 
nickel steels have excellent resistance 
granular corrosion after having been ‘ st 
for long periods of time to temperatures |! 
from 570° F. to 1650° F. (300° C. to 9 
They were found to be fully corrosion © 
under many conditions that cause sever 
on the plain chromium-nickel steels 


nN 
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they are quite as resistant as before. 


weld 

Here again the aflinity of columbium for 
earbon explains in large measure the advan- 
tages influence of columbium stainless 
steel. Various other alloying elements were 
investigated and tried as a stabilizing agent in 
stainless steel, but none has been found more 


satisfactory. 

fhe amount of columbium necessary in 18° 
chromium, 8° nickel stainless steel depends on 
the carbon content of the steel; with a given car- 
bon content, it depends upon the service for 
which the steel is intended. If the steel, in serv- 
ice, is exposed to temperatures of less than 
570° F. the columbium content of the finished 
steel should be at least six times the carbon 
content. If the steel is to be subjected to higher 
temperatures the columbium content should be 
ten times the carbon content. With these 
amounts in the steel and welding rod it is 
unnecessary to reheat and quench fabricated 
structures after welding in order to obtain free- 
dom from intergranular corrosion. 

One of the early commercial uses of colum- 

um was in welding rod. It is particularly 
valuable for this use because there is little loss 
of columbium in the deposited weld metal. The 
ise of columbium-bearing stainless steel as a 
base metal for welding recently has become 
mportant commercially, 

Considerable equipment is being con- 
structed of columbium-bearing plate welded 

th columbium-bearing welding rod. Evidence 
f the satisfaction afforded by such equipment 
is the fact that the American Society for Testing 
Materials now includes columbium-bearing 
iromium-nickel austenitic steels in its specifi- 
cations, 

Columbium is so beneficial in the steels 
investigated that additions of columbium to 
‘her grades of steel would likewise be expected 
‘o impart desirable properties. This expectation 
‘ confirmed by laboratory tests on both low 
illoy and carbon steels containing columbium. 

The method of adding columbium to steel is 
‘milar to that used in adding other readily 
\idizable alloys. In order to keep the loss as 
‘OW as possible, ferro-columbium should be 
idded to the steel bath after it has been thor- 
ighly deoxidized and as short a time as possi- 
ble before it is poured. Time enough should, 
However, be allowed for the ferro-columbium to 
“issol\e completely in the steel. With good 
rn practice a recovery of 80 to 85% of the 
lumbium is obtained. 


ELECTRIC. FURNACES 


in the Foundry 


aaa 


Advantages & Disadvantages 


R“ HARD SCHNEIDEWIND of the Department of 

Engineering Research, University of Michi- 
gan, decries the use of such terms as “cupola 
iron,” “electric furnace iron” or “air furnace 
iron” in trade and promotional literature, since 
the furnace is only a means to an end in the 
hands of competent men. It, with other features 
of foundry practice — such as charge, melting 
practice, sand control, molding art — all con- 
tribute to a good or bad product. 

In a discussion at the Fall Technical Con- 
ference of the American Foundrymen’s Asso- 
ciation at Columbus, Ohio, he cited several 
advantages of the electric furnace for the pro- 
duction of cast iron. First and foremost is its 
versatility, the ability to produce widely differ- 


ent analyses at will in successive heats. Next, 
close chemical control of the product is possible, 
given the necessary skill in operation. ‘Tem- 


peratures are also under control, and can be 
varied, heat to heat, depending on the nature of 
the metal and the castings to be made, running 
up to any degree of superheat, limited only by 
the refractory lining and roof. As compared 
with the cupola, it is a handier producer of low 
carbon, high strength gray irons. Lastly, given 
the necessary refining technique, lower grade 
scrap can be used, whenever refining costs are 
less than the price differential for high grade 
melting stock, 

Certain disadvantages counteract, in part, 
these advantages over the cupola. Primarily, 
the melting costs are usually higher, principally 
due to expensive electric power, refractories, 
and capital charges on equipment; this may 
sometimes be reduced by duplexing with the 
cupola. Next, the size is ordinarily limited to 
about 4-ton heats in indirect are furnaces. 
Direct arc furnaces are made with larger 
capacities. A dearth of good melters is so evi- 
dent that the builders are importuned to “sell” 
a competent operator with each furnace! A 
metallurgical disadvantage is that the melting 
conditions are oxidizing, whereas a properly 
operated cupola is reducing; the former can, of 
course, be turned to an advantage when refining 


an inferior charge. 
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Blackstone Studio, N. Y. 


George Booker Waterhouse 


The new President of Ameri: an S¢ ciely for Metals came to America in 1903, recipient of one 

185] Exhibition Scholarships, and studied nickel steels under Howe and Stoughton at Colu 
For 18 years with Lackawanna Steel Corp., becoming Chief Metallurgist and Inspect I 


resigned in 1929 to become Professor of Metallurgy at Massachusetts Institute of Techr 
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VERICANS have become hardened to the 
A jibes of European friends that their fetish 
7 is “bigness.” Possibly this idea is nourished 
by the somewhat route of the 
sight-seeing foreigner: New York to Niagara 
Falls to Atlantic City to New York. At any rate, 
ve can counter our English cousins with a polite 


standardized 


etort about their pride in the Crystal Palace, 
the biggest thing of its kind that ever was or 
would be. 
n fire a vear ago, and what a great fire that 
The 


Crystal Palace was huge, never to be forgotten, 


Or at least we could, before it caught 
vas. with a glare to be seen 50 miles away! 


ven to the last. 
lhe palace, as remembered by the million 
visitors who saw it annually, was somewhat 
arger than originally designed by Joseph Pax- 
nm and built for the 1851 Exhibition. Even 
hen its ground plan covered 18 acres, and the 
ilconies five more, enough for the booths of 
17,000 exhibitors. In 1854 it was moved, piece 
by piece, from Hyde Park to Sydenham. A 
building of cathedral plan and dimensions, built 
i glass over a cast iron and wrought iron skele- 
i, it violated so many concepts of architectural 
ilegrity, centuries old, that only the vigorous 
personal championship of Prince Albert per- 
tted the work to proceed. 
these old Englishmen pointed the way in 
re Ways than architectural. The “Exhibition 
the Industry of All Nations” was sponsored 
Society of Arts, of which the Prince 
isort was president, opened promptly on 


thie 


ile, showed for a year to about six million 


and closed with a neat profit of 
1,036 18s 6d. (No second opening to clear up 
accumulated debt!) They also knew what 
(o with the profit, for it was well invested and 
interest finances the “1851 Exhibition Schol- 
“tips.” even more highly valued than the 


Scholarships, for they enable the recip- 


4 


ursue advanced study in any country or 


nm he chooses. 


Among the 1851 Exhibition Scholars who 
have come to America and who fortunately for 
us liked us so well they staved, are Matthew A. 
Hunter, electrochemist and metallurgist, once of 
New Zealand but now of Rensselaer Polytechnic 
Institute, John Johnston the Scot, now director 
of research for United States Steel Corp., and 
George Booker Waterhouse, graduate student 
and prize scholar of Sheflield Technical College, 
England. 

Three notable opportunities then opened up 
for voung Waterhouse. Should he study under 
Howe at Columbia, Ledebur at Freiberg, or 
Stansfield at McGill? Son of a Sheflield clergy- 
man, he had got the smell of the famous steel 
plants in his nose. J. O. Arnold, the teacher of 
Sheflield metallurgists, also had much to do 
with it. This pugnacious Irishman battled long 
and hard for a second carbide of iron, which 
he supposed to contain much less carbon than 
cementite, and to be responsible for some of the 
hardening reactions and structural character- 
istics of steel. Eventually, this idea was thrown 
out, along with beta iron, but not before Arnold's 
opponents had fought many bitter engagements. 
The inspiring example of a teacher valiantly 
battling for what he thought was right has stif- 
fened Waterhouse’s resolution innumerable 
times in later vears. 

How well he was regarded by the College 
authorities is, of course, implicit in the fact that 
he received the coveted scholarship; further 
proof is that his graduation thesis on “The Influ- 
ence of Sulphur and Manganese in Steel” was 
published in the Journal of the Iron & Steel 
Institute under joint authorship with Arnold. 
Likewise the University of Sheflield — of which 
the Sheffield Technical College was a part 
recently conferred on him the degree of Doctor 
of Metallurgy. 

Electing to come to America in 1903 to pur- 
sue his graduate studies, young Waterhouse 
found that Henry Marion Howe was temporarily 
abroad. Bradley Stoughton was acting head of 
the Department of Metallurgy at Columbia Uni- 


has 


versity. Also studying or teaching there were 
the late William Campbell, the metallographist 
who succeeded Howe and Stoughton, and John 
F. Thompson, now executive vice-president, 
International Nickel Co. 
Stoughton writes: 


This was good com- 
pany! 

“Waterhouse’s research was on the nickel 
steels, and was sponsored by Albert Ladd Colby 
for the International Nickel Co. and Bethlehem 
Steel Co., and John A. Mathews for the Crucible 
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Steel Co. Alloy steels were litthe understood 
then, vet nickel steel already had important 


applications for armor plate and heavy forgings, 
and was being considered for main members for 
the very large Blackwell's Island bridge, then 
being designed as a link between Manhattan and 
Brooklyn. He was the first to show that nickel 
dissolves predominantly in the ferrite instead of 
in the cementite. This has, of course, been one 
of the important observations which have 
helped to explain the nature and behavior of 
the nickel steels, especially the outstanding use- 
fulness of nickel in toughening the core of car- 
burized steels and in improving the fatigue 
resistance and impact resistance of other mild 
steels.” 

The first summer's vacation (1904) found 
Waterhouse at work for $60 a month at Lacka- 
wanna Steel Corp. near Buffalo, just building 
and taking over the business of the Scranton 


plant, shut down with the exhaustion of the. 


Pennsylvania ore deposits. Evidently he made 
a good impression with the men higher up, for 
early in January 1905 they prevailed on Dr. 
Howe to release him from attendance at Colum- 
bia so he could come to them as metallurgist. 
Itis studies continued, however, and in 1907 he 
received the coveted Ph.D. In Lackawanna he 
made the friendship of Harry J. Kelley, a 
mechanical engineer at the steel works, and 
together they grew with the plant and became 
respectively chief metallurgist and inspector, 
and general superintendent of mills. Eighteen 
vears of labor there may best be summarized 
in Kelley's words: 

“One of Waterhouse’s many accomplish- 
ments was the development and perfection of 
the duplex steel process, which was one of the 
outstanding achievements of its time. The 
Lackawanna plant was primarily a bessemer 
steel plant and during Dr. Waterhouse’s regime, 
the process of steel manufacture was changed 
almost entirely from the bessemer to the open- 
hearth process, in which he also played a very 
important part. Among the Doctor’s many 
qualifications was his ability to handle and 
direct men, and aside from his vast technical 
knowledge, he was especially capable of going 
into the various departments to direct the opera- 
tion of steel manufacture.” The cordial associa- 
tion of these two men still continues on the 
directorate of Dominion Steel & Coal Corp., Ltd., 
of Canada. 

In 1922 came an opportunity for greater 
usefulness. Massachusetts Institute of Tech- 


nology offered him the chair of metallu: 


this was accepted. Always interested in offs), 
of the mind, Waterhouse influenced lar: +] 
growth of the metallurgical departme 

now it has become divorced from min 
stands solidly on its own feet. A notable sto 
comprises the faculty, and here again Wate 
house is within a charmed circle of such men os 
Williams, Hayward, Fay, Homerberg, Norto 
Zavarine, Chipman. As one father of a recep) 
graduate puts it: 

“I began to hear more and more quite fayor 
able comments concerning Professor Wate: 
house’s intimate and helpful attitude toward his 
student group, and in the end I was largely influ. 
enced by these reports in recommending to m) 
son that he consider Massachusetts Institute o! 
Technology as the school for him to enter in his 
pursuit of fundamentals and of metallurgica! 
studies. This he has done, graduating just abou! 
a year ago and substantiating by his experiences 
as well as his comments to me, all of the good 
things that we had heard about George Wate: 
house and his most pleasant and understanding 
vet effective, methods of teaching and advising 
his students.” 

Obviously, such a man as this is eminent! 
fitted to lead the affairs of the American Socic! 
for Metals as president. A few more persona 
words are also in order: Shortly after going | 
Lackawanna George Waterhouse met and ma: 
ried Eleanor Frances Wood, a happy unio! 
clouded only by long invalidism. His wife dicc 
childless, late in 1935. Her husband’s interes! 
young people and his public spirit manifest 
itself in civic activities in his home town 
Belmont, Mass. For years he has been a men 
ber of the School Board, and is currently tts 
chairman, With all these duties he still finds 
time to be a very active chairman and direc! 
of the Alloys of Iron Research (and Frank Sis 
its editor). 

“His work as consultant and metallurs 
expert has been most effective. In this field 
sureness of his knowledge and ability t 
positive statement which could not be mis 
stood nor misconstrued carry conviction 
who hear. Common sense is a qualil) 
contrary to the implication of the words 
indeed. Dr. Waterhouse has demonstrat 
times that he possesses that uncommon 
to a high degree,” one of his clients w! 

And if any youngster needs to | 
sioned, let him take on George Wate! 
squash rackets! 
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by cold work 


N A PAPER presented in 1932 before the 
| American Iron and Steel Institute, H. W. 
Graham introduced the term “work sensitiv- 
iy,” defining it as “the intensity of the reaction 
steel to cold work.” Evidence was submitted 
dicating that work sensitivity may serve as a 
seful measure of steel quality. The present 
iper gives in greater detail a method of evalu- 
ig work sensitivity. A subsequent one will 
additional evidence associating work 
sensitivity with aging characteristics of steel by 
easuring the progress of aging through its 
lect on damping capacity. 


Conventional Tests for Metal Quality 


the generally accepted standards governing 
application of steel for its manifold uses are 
emical specifications, physical tests, and 
lallographic observations. These standards 
¢ usually based on a previous background and 
‘te On priori reasoning. 
Chemical specifications are a useful guide, 
they have certain inherent limitations. Their 
“atest weakness may be attributed to the fact 
4 chemical analysis furnishes no clue to 
or mode of occurrence of the ingre- 
‘S: obviously, elements or compounds pres- 
State of solid solution in the ferrite 


J TY 


By §S. L. Case 
Metallurgist 
Research and Development Division 


Jones & Laughlin Steel Corp. 


exercise an influence on quality different in kind 
and degree from the effect of those present as 
visible extraneous inclusions or others existing 
in submicroscopic dispersion. 

Metallographic observations also have rec- 
ognized points of weakness. Such observations 
deal either with grain size or with non-metallic 
inclusions. The limitations of grain size obser- 
vations will be considered later. Observations 
of non-metallic inclusions do not take into con- 
sideration the fact that the range of micro- 
scopically visible inclusions is a comparatively 
narrow band in the total range of particle size 
No back- 
ground for estimating the relative importance of 


which may be present in the steel. 


visible and invisible inclusions exists, but there 
is undoubtedly a numerical preponderance of 
the invisible ones. Furthermore there is no 
accepted mode of interpretation. Some metal- 
lurgists associate visible non-metallic inclusions 
with inferior service performance. Other inves- 
tigators speak of “beneficial dispersion of inclu- 
sions,” making an exception for pathological 
cases of segregation such as “streaks” or 
“bands” of inclusions. Where such a difference 
of opinion exists, there is room for the thought 
that the invisible inclusions conceivably play an 
important part in the general picture of steel 
quality. 
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steel undergo a considerable change. T| 


Physical tests generally measure a definite 


hard. 


and distinct property of the material. As such, ness, tensile strength, and yield point are ; Lised H 

' | they therefore offer a reliable guide to an intel- while the elongation and reduction of are ae : 
ligent application, provided they are correctly generally lowered. The dynamic properties such d 

interpreted and correlated with service condi- as impact toughness are influenced to 9 mye ) 

tin 


greater extent than the static properties 
In most fabricating operations cold work jy 


tions. This is a very serious limitation, which 
often leads to conditions impossible to fulfill. 

It is almost self-evident, for instance, that one form or another is involved. The resulti; 
a maximum figure for strength and fatigue change in the impact properties of steel due | 
ble with a maximum duc- 


tility and toughness. A 


fore, very serious consider 


Analysis of Steels lested tion if troubles j th 


In certai: 


| 
| endurance are irreconcila- cold work deserves, ther 


compromise has to be Mark| C Mn Dp S services are to be avoided 
effected, and here an error In comparing the reac. 
of judgment can be readily A-! | 0.20 | 0.39| 0.014| 0.033 tion to cold work of a num. 
made. A-2 | 0.20 | 0.36 | 0.0/8 | 0.029 ber of steels of 
Another very impor- | 0.22 | 0.35 | 0.0/8 | 0.051 chemical analyses, it was 
tant limitation of physical A-4 | 0.21 | 0.57 | 0.012 | 0.0355 found that the change j = 
specifications may be A-S | 0.17 | 0.90 | 0.017) 0.021 impact toughness, due | 
A-9 | 0.20 | 0.34 | 0.015 | 0.035 
attributed to the fact that 8-2 | 0.38) 0.85|0.018| 0.027 cold work, exhibits a greater 
properties of steel, while 8-4 | 0.39 | 0.83\0.020 | 0.025 range of variation than thy 
| often represented graphi- c-1 |0.62\ /.14\0.027| 0.037 other physical properties of 
cally on a two dimensional C-2 |0.63| /.17|0.024\ 0.030 steel. The tabulation beloy 
system of coordinates, in C-3 |10.6/| 7./2 | 0.026 | 0.072 illustrates this point. Th » 
a reality require a third change in the static proper 
: dimension—time. The ties, caused by 2.2% reduc- 
change in physical properties in the course of tion by cold work, is roughly of the same orde: 
lime is termed “aging.” The capacity of the of magnitude for both steels. However, t! “ 
material for aging, and the rate at which aging change in impact toughness is from 69 
proceeds, vary within wide limits in steels of 67 ft-lb. or 3% for Steel A-9, and from 86 | 
identical analysis of common elements. Aging 8 ft-lb. or 91° for Steel A-3. Both steels ar . 
is apparently a phenomenon involving solubility almost identical in their chemical analyses 0! : 
changes and structural rearrangement, and is common elements as shown in the second tabi >, 
an indication of a metastable condition. The The “unstressed” samples were normalized a! : 
study of aging is beyond the field of microscope 1650° F. before testing; the “cold worked \ 
and test tubes and its progress can only be samples were normalized at 1650° F. befo! 
detected by its effect on physical properties. cold working. 
It is a fallacy to assume that a non-aging Since steels of apparently similar chemica 
steel is the final answer to the steel user’s prob- composition often exhibit such marked diffe! 
| lems, because aging effects are sometimes highly ences in the extent to which their impact toug! 
| beneficial to service performance. The correct ness is affected by cold work, it is quite apparen' 
| evaluation of this property should be one of the that an impact test offers a useful means 
; | essential requirements of a yardstick measuring measuring the reaction of steel to cold work 
| steel quality. Such a . 
viewpoint was advanced 
by Mr. Graham in earlier Effect of Cold Work on Properties of Iwo Steels 
publications when he Static Properties | Dynamic spe 
pointed out the marked 
difference in the intensity Mark| Condition Tensile | | £/07- 
with which steels of appar- Strength| Point sg yoo Ft-Lb. 
ently similar analyses will a 
react to cold work. A-3 | Unstressed 62,260 | 42,040 | 56.5 | 65.6 | 70 e 
Under the influence of Cold worked 22%| 64,750 | 49,250 | 38.0 | 54./ . () 
cold work the static and A-9 | Unstressed 62,200 | 40,440 | 57.5 | 65.6 7 | nh 
dynamic properties of Cold worked 2.2%| 65,540 | 48,520 | 54.5 | 65-5 spe 
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the preparation of a number of Izod 
y specimens, cold worked to varying 
degrees. is a laborious job. 

A standard test for work brittleness was 


Howe’ 


r Chi 


‘herefore developed. A test specimen is prepared 
-onsisting of a tapered round bar, 0.450 in. on 
ne end and 0.475 in. on the other. The total 


length of the tapered portion is 10 in., and a 
»,-in. prolongation 0.437 in. diameter is pro- 
vided at the small end whereby it may be drawn 
‘through a 0.450-in. die. The result is a gradual 
nerement of cold work from zero on one end to 
(0.3% reduction of area on the other end. The 
exact amount of cold work at any point of the 
drawn specimen can be easily computed, and is 
proportional to the distance from the original 
small end of the taper. The cold drawn speci- 
men is then notched with an Izod Vee-notch at 


Per Cent Reduction of Area 


2.2°¢ reduction of area on the other end, and the 
increment of cold work from notch to notch will 
be equivalent to only 0.27% reduction of area. 
When a taper of 0.050 in. is used, the maximum 
cold work on the big end is 19.0'. reduction of 
area, and the increment of cold work from notch 
to notch is 2.4% reduction of area. These tapered 
test specimens are generally normalized pre- 
vious to machining to eliminate any internal 
stresses which may be present. 

In our practice the results of the test are 
plotted, using the energy loss as ordinate and 
per cent reduction of area as abscissa. The slope 
and general level of the resulting curve serves as 
a measure of the reaction of steel to cold work. 
When the slope is sharp and the general level 
low, the steel is termed “sensitive”; a slight and 
gradual slope and high average level denotes an 
“insensitive” steel. 

A quality test on steel is 


end of the test to the end receiving a 


° 0 2 4 6 o JO not entitled to serious consid- 
sal | 58 | eration unless it fulfills two 
7 | essential requirements: First, it 
| | 
: 2 | | must check reasonably well 
with duplicate tests on the 
6C Heat A-/ I 
3 same bar, and second, it must 
J p show comparable results on 
os 
: tests taken from the same heat. 
The test for work brittleness 
53 
Ingot. No./ No.10 apparently fulfills both require- 
Top ° A 
N ments. 
4 Middle a 
Bottom e a Results of six such tests 
+ r a Heat A-5 - made on one bar of steel from Heat A-1 
. ‘ i a 2 are plotted in the top part of the first dia- 
l | 2 7 gram. All of these tests show a gradual 
: | | drop in Izod values from the unstrained 
0 2 4 6 eo 


Per Cent Reduction of Ares 


Six Specimens From One Long Bar From Heat A-1 Give Con- 

rdant Results on Test for Work Brittleness. Bottom curve 
so shows that specimens from various billets from Heat 
1-5 all are badly embrittled by 4% reduction and more 


l.l-in, spacings, and broken on an Izod impact 
chine, thus furnishing eight points for a com- 
“work brittleness curve” from one test 
‘pecimen, the increment of cold work from 
ich to notch being equivalent to 1.2% reduc- 
nh of area. 
The flexibility of this:type of test piece per- 
‘S evaluating the effects of any desired incre- 
vent of cold work, For instance, if instead of 
‘"02-in. taper in a 10-in. length, a taper of 
nly 0.005 in. be used, the cold work on such a 
‘Pecimen will range from zero on one end to 


10 
maximum of cold work. The total drop 


averages about 35 ft-lb.. and the drop 
from notch to notch is of the same order 
of magnitude on all tests. The gradual 
loss of impact toughness with progressive 
cold work classifies this particular heat 
of steel as “insensitive.” 

A typical “sensitive” 
results plotted in the lower part of the same 
diagram. These were selected bars from top, 
middle, and bottom billets of the first and tenth 
ingot from Heat A-5, and point to the conclusion 
that definite sensitivity characteristics are a 
fixed property of the entire heat, since on all bil- 
lets a sharp reduction in impact toughness 
occurs between zero and 2.8% reduction of area, 
and the total drop in Izod from zero to 9% 
reduction of area is about the same on all tests. 


steel is shown by 
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| Steels of the Same ¢& 
| | Same Chemical Analysi 
Markedly Different § 
Stee/ A-4 
~. now be shown that dif- 
+ — Stee/ 8-4-7 ferences between thes, 
a types of steel are very tai 
Braces gible, and are stri! ly 
| | reflected in their aging 
Medium characteristics. 
Carbon Heats 7 
Aging Measured b, 
| | Stee/ A-2 Work Brittleness 
| | 2 The general aspects of 
| i J aging have been discussed 
2 4 6 80 2 4 6 e in recent technical writings 


Per Cent Reduction of Area 


by Merica Progress 
1935) and Sauveur and 


he ter 


Another illustration, a very striking differ- 
ence in sensitivity to cold work of steels prac- 
tically identical in their chemical composition, 
is shown in the diagram above where tests on 
two structural grade heats A-2 and A-4, and two 
medium carbon heats B-2 and B-4 are plotted. 

Tests for work brittleness also reveal a con- 
siderable spread in the sensitivity of medium 
and high carbon steels. However, with an 
increase in carbon content, the impact toughness 
of such material in the unstrained condition is 
greatly lowered. For instance, the diagram 
opposite shows tests on three high carbon steels, 
of chemical composition given in the table on 
page 670. The inserts show the MceQuaid-Ehn 
grain size of these steels at a magnification of 
100 diameters. The chemical analysis appar- 
ently does not explain the difference in sensi- 
tivity of these steels. Grain size does not fully 
explain it either. While the fine-grained steel 
shows the lowest sensitivity, the two coarse- 
grained steels exhibit a considerable difference 
in sensitivity which is not obvious from grain 
size comparison. These curves may be con- 
sidered as typical for hundreds of steels which 
were subjected to this test. As a rule fine- 
grained steels are insensitive, but coarse-grained 
often exhibit wide differences in their 
degree of sensitivity. 

From the data submitted, it is evident that a 


test for work brittleness has a selective quality 


steels 


not possessed by either static tests, chemical 
analysis of common elements, or grain size clas- 
It separates steels into two major 
groups — “sensitive” and “insensitive,” with 
perhaps a third “intermediate” group. It will 


sification. 


Harrington (@ Transactions, 1933). 


. 


aging 


broadly covers any change in pls 


properties of the material taking place in 


course of time, and the phenomenon of aging is 


evidently a more or less gradual transition fro: 


a state of metastable to stable equilibriw 
Aging takes place either at room temperature. 
which case it is termed “natural” aging, or 


some higher temperature, in which case 


defined as 


manifestations can 


‘artificial” or “accelerated” aging. lis 


be accentuated either 


quenching the material from a sufficiently hig 


temperature, or by cold working it. 


The “precipitation” or “dispersion” th 


hes 


offers the most generally accepted explana 


of the phenomena. 


The apparent simplicit 


this theory should not exclude from conside! 
tion the thought that aging may not be as sim| 
as the theory which attempts to explai 


Merica apparently 


admits such a_ possil 


when he states that aging “may also occul 


consequence of some structural alteration 0 


thy 


than precipitation of excess solute.” 
Quench aging, as well as strain aging, 
erally manifests itself in perceptible changes 


both static and dynamic properties 
tensile strength, and yield point 
increase, while ductility and resisianc 

decrease. Werner Koster’s measure! 
magnetic changes taking place during 
and artificial aging of steel apparent!) 
that both types of aging are similar 

respects, and differ only in the rafe ©! 


Hardness 


(Archiv fiir das Eisenhiitlenwesen, 190), 
at a temperature of 500° F. (260° ©.) 
hour being equivalent, for instance, 
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perature for a period of months, or horizontal or else has an upward direction, the 
R impact toughness progressively increasing with * 
w of the great acceleration of aging at each succeeding notch. If the specimen is t 
im temperature, such tests may be con- tested a few minutes after cold working, the . 
used for the study of the total aging curve for most carbon steels starts to assume ; 
of steel, while measurements at room a downward slope, but the rate at which this : 
re determine the rate of aging. From change in slope takes place is an individual ‘ 
» point of view of the steel user, a knowledge characteristic of a given heat. The rate is very : 
this rale is more important 
of its aging capacity. 100 f 
\csuming one steel will be | | 
pletely aged in two weeks, AS | | , 
le the other will not reach | 
same state for a number of 80 
ears, it is evident that their S | | 
seful service life and response $ a 
fabricating conditions will iS Heat C-2 ‘ 
t he the same, because these < 60 ‘ 
ferences in their aging rates 
reflected in basic differ- 
es in some of the other S 
vsical properties. ~ : 
40 
lhe most common method 
sed in the study of aging phe- < 
mena consists in the meas- a) 
Y 
ement of hardness changes 9 n. 
king place in the course of : 
at room temperature or Meat C-/ 
sher. This method is used so | ° 
erally that the term “aging” 
s accepted as almost synony- 2 4 6 ay 
is with “age hardening.” In Per Cent Reduction of 4rea —_ 1 
re special cases, changes in Three High Carbon Heats, Equivalent in Analysis, Have Quite Dif- -, 
‘her properties are measured. ferent Work Brittleness. Fine-grained heats are usually insensitive, 
woster uses magnetic tests, but coarse-grained heats are often widely different in sensitivity ri 
aves, Griflis and Kenyon use 
tensile tests to evaluate aging effects. In the rapid for some steels and yet it is almost imper- | 
‘hors opinion, either hardness or tensile tests ceptible on others of similar composition. 
short of the ideal for the study of aging phe- This difference in behavior is shown in the 
lena because both are static tests and such diagram on the next page, where work brittle- 4 
‘ts are not sufliciently descriminative. Due to ness of two structural steels A-3 and A-9 is : 
very pronounced effect of cold work on plotted 10 min. after cold drawing, and two 
pact toughness, a work-brittleness test might weeks later, as well as after accelerated aging. o 
logically expected to give a better insight into Steel A-3 is apparently one that rapidly ages. 
behavior of steel under dynamic service The test taken 10 min. after cold drawing shows j 
ditions, a distinct downward slope in the curve for work 
Experimental data support this conclusion. brittleness, indicating the possibility that con- 
"ves for work brittleness obtained on steels, siderable aging has already taken place. After 
immediately after cold work, and (b) after aging for two weeks at room temperature, the 
“ig lor various time intervals, show a con- slope of the curve increases; after aging in boil- 
ious change in the shape of curve until sta- ing water, aging at 500° F. does not introduce 
ly is attained. Immediately after cold further effects. Steel A-9 shows an almost hori- 
: orking, the impact toughness is high, often zontal curve 10 min. after cold work; aging at 
sher t] in the unstressed condition so that room temperature for two weeks, as well as ‘ 
* Surve ‘instead of sloping downward is often aging in boiling water and at 500° F., does not 
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Per Cent Reduction of Area materially change the pos 


trend of this curve, so that th, 
total aging effects are very 
eo The aging behavior of thes, 
two steels is unpredictable froy 
lle $ the static tests shown in the tah), 


on page 670, and the chemica 
analyses. They, in fact, repr 
sent extreme cases of variation 


60 


e Not Aged 

Aged 2 Weeks at 70°F. 
© Aged 30 Min. at 212 F. 
Aged 60 Min. at 500 °F. 


in aging capacity. 


a In comparison with stat) 


S 


hardness and tensile methods of 


| 


testing aging sensitivity, work 


brittleness is, therefore, a mor 
selective and illuminating test. A family 


Energy Loss in Ft-Lb.lzod 


of such curves obtained on the same lot 
of steel under different aging conditions 


4 6 rod 
Per Cent Reduction of Area 
Steel A-9, Insensitive to Work Brittleness, Ages Very 
Slightly; Steel A-3 of Similar Chemistry and Tensile Prop- 
erties, Is Sensitive to Work Brittleness and Ages Sharply 


reveals not only the magnitude of strai) 
aging effects, but also furnishes informa- 
tion on the degree of cold work at whic! 
Such infor- 
mation is of obvious practical importanc 


these effects are most intense. 


. Good and Bad Actions of 


3 ALUMINUM IN STEEL CASTINGS 


discussed was the control of For all ordinar\ 


CTIVELY 
porosity in steel castings with aluminum 


at the Fall Technical Conference held by 
American Foundrymen’s Association in Colum- 
C. E. Sims of Bat- 
telle Memorial Institute, the discussion leader, 


bus, Ohio, early in October. 


cited his recent studies showing the loss of 
ductility in aluminum treated 
measured by unduly low elongation and reduc- 


castings (as 


tion of area in the tensile test and low impact 
resistance). These losses are nearly all recov- 
ered if a more generous amount of aluminum 
were used for deoxidizer. 

Deficient ductility is apparently due to the 
influence of aluminum on the sulphides rather 
than on the oxides. Several melts containing 
sulphur from 0.02% up to 0.06% were treated 
with varying amounts of aluminum. The ones 
containing 0.02% sulphur retained good duc- 
tility with all amounts of aluminum, but unfor- 
tunately there is ‘no raw material available for 


their commercial production. 
sulphur contents the addition of 4 Ib. alum 
num per ton, while it might correct porosity, 
caused a drop of nearly half the elongal 
reduction of area and Izod impact; 1 lb. alum 
num per ton bettered the situation considerabl) 
and 114 Ib. brought the physical properties 
nearly back to the original value. A simula! 
trend of circumstances was observed wit! moc! 
cums of other deoxidizers, specifically zircomiun 
or titanium. In the case of aluminum, | 
analysis indicated that only when the !ls 
amounts were added to the moltea meta! 
any residual or unoxidized aluminum ! 
detected in the alloy; lesser amoun's \' 
apparently all consumed in chemical 
with oxides in the melt. 

Microscopic observations suppor! 
above statements. A steel casting, de 
as usual with ferrosilicon, will conta’ 

(Continued on page 712) 
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@ The streamlined flier pictured above is 
the “Super-Chief,” Atchison’s new light- 
weight train which makes the run between 
Chicago and Los Angeles (2.228 miles) in 
39 hours, 45 minutes. Such fast time is made 
possible, because this train of eight cars 
weighs only half as much as the steam train 
which it replaces. And responsible for this 
appreciable weight-reduction is the use of a 
modern alloy of Nickel, stainless steel. The 
principle of light-weight construction em- 
ployed by the Edward G. Budd Manufactur- 


* At the left we have another strik- 
ing example of the cost-reducing ad- 

vantages of another Nickel Alloy Steel 
composition. This huge crusher shaft 
of 344°7 Nickel Steel with about .30% 
carbon, was made by Bethlehem Steel 
for the General Crusher Stone Co.. 
Easton, Pa. Installed in 1906 it was still 
going strong in 1930. It was retired 
from service then. but 
only because the crusher 
was obsolete. When 
equipment parts stand 
such gruelling service for 
24 vears, they ve certain- 
ly paid for themselves 
over and over again. But 
that’s characteristic of 


the Nickel Alloy Steels. 


a If you have a grumbling gear 
in your plant it’s fairly safe to wager 


STEELS 


ing Co. calls for the use of stainless cliro- 
mium nickel steel which is fabricated by th: 
Budd “shotweld” process. When you con 
sider the saving in fuel costs and the saving 
in costs of maintaining road bed and rails 
it’s easy to understand the constantly grow- 
ing popularity of stainless steel constr 

tion. Perhaps there’s equipment in your lin 
of business where the high strength-weight 
ratio of the Nickel Alloy Steels may be used 
to bring about worthwhile economies. 


Steel Company of America. \! 
nance costs are kept low with Nicke 
oh 


it isn’t made of Nie kel Alloy Steel. 
The dark detail in the phantom cut 
pictured here shows a typical in- 
stallation of gears and other parts 
made of Nickel Alloy Steels. The 
lathe is a product of The Monarch 
Machine Tool Company, of Sidney. 
Ohio, Nickel Alloy Steels by Crue ible 
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steel gears because they have su 
high resistance to wear, shock and ; 
fatigue. 

If frequent gear failures ' 
your problems, or if you wa! 
sure your production evel 
vulnerable points, Nic ‘kel All 
gears are the ones to specils 


! THE INTERNATIONAL NICKEL COMPANY, INC., NEW YORK, \. Y. 
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Predicting a Fatigue Failure 


Are X-Rays Competent? 
PirrsBURGH, Pa. 

the Editor of METAL PRroGrEss: 

A reliable means of forestalling breakage of 
machines and structures from fatigue under 
repeated stresses would be of immense impor- 
lance lo engineers and metallurgists. For many 
ears there has been a search for some non- 
destructive test that would reveal the extent of 
lamage caused by repeated stresses and thus 
redict whether or not the stresses will lead to 
iracture. Since X-ray methods have been most 
elective in revealing the internal structure of 
metals, itis natural that they have been investi- 
galed rather hopefully for this purpose, and 

merous tests have been reported, both here 
id abroad, but it is clear from these investiga- 
‘ions, itseems to me, that they must be regarded 
‘(present as unreliable for practical use. How- 
“ver, papers continue to appear with a favorable 
‘ttude toward the X-ray methods which is 
justified by the experimental data. 

the publications of H. J. Gough, summa- 
‘ied in the July 1936 and September 1937 issues 
Procress, for example, imply that pro- 
-essive damage can be identified by X-ray 
‘fraction patterns. Gough concludes that pat- 
“ris that remain unchanged during stressing, 

change only at the first application of the 

‘and do not alter their character after this, 
'« characteristic of stresses within the safe 
‘se, Whereas progressive changes in the pat- 
ms ite unsafe stresses and eventual 


fracture. A few experiments lately reported by 
German investigators (see Erich Martin, Archiv 
fiir das Eisenhiitlenwesen, Vol. 10, 1937, page 
115; F. Wever and H. Moller, Die Naturwissen- 
schaflen, Vol. 25, 1937, page 449) state even 
more conclusively that an impending fatigue 
failure can be foreseen from changes in diffrac- 
tion patterns. 

The writer had arrived at quite a different 
conclusion as a result of tests conducted with 
the cooperation of the Fatigue Committee of the 
American Society for Testing Materials (see 
C. S. Barrett, @ Preprint, October 1936; Metals 
and Alloys, January 1937), and this conclusion 
has not been altered by the experiments pub- 
lished abroad. The important point is that 
changes in X-ray diffraction patterns reveal cold 
work from fatigue, not damage. Cold work 
may occur in the safe range of stress as well as 
in the unsafe, and may, in fact, be beneficial; 
so a test that reveals cold work obviously 
does not afford a direct diagnosis of ultimate 
failure from fatigue. 

Gough’s criterion for detecting unsafe 
stressing (X-ray patterns that continue to 
change stressing continues) cannot be 
accepted as the general case, nor, at present, as 
a reliable test in any particular case. Too many 
experiments of different types point otherwise 
and indicate that cold work in the safe range 
may continue for millions of cycles. J. B. 
Kommers, for example, has reported in Proceed- 
ings of A.S.T.M., 1930-11, page 368, cases where 
cold work at stresses below the endurance limit 
must have continued for 15 million cycles or 
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more, since there was an increase in the endur- 


ance limit throughout this period. A number of 
investigators have also studied the temperature 
of fatigue specimens during stressing and have 
found evidence for plastic flow; this is very 
marked at the beginning of the stressing, but 
continues in lesser degree for many thousands 
of eveles. X-ray experiments of Wever and 
Moller indicate that flow may occur irregularly, 
with a sudden local deformation appearing 
after some millions of evcles of stressing during 
which flow is negligible. 

The amount of change in the X-ray pattern 
also fails to serve as a general criterion for dif- 
ferentiating safe from unsafe stressing. For 
some metals and for some types of stressing 
there is very little alteration of the pattern by 
stressing below the endurance limit, even with 
the most prolonged tests. But other cases show 
drastic changes (for example, my own experi- 
ments on aluminum); and to make veneraliza- 
tion still more impossible, | have reported a low 
carbon steel specimen stressed above the fatigue 
limit that showed little or no change in the pat- 
tern prior to fracture; similar cases have been 
reported in steel by Gough and by Wever and 
Moller. This situation is only to be expected in 
view of the fact that patterns reveal cold work, 
for it is generally accepted as the result of vari- 
ous methods of investigation that: pronounced 
cold work sometimes occurs below the endur- 
ance limit, while in other cases fatigue fracture 
may occur with little or no plastic flow. Nor is 
the amount of plastic flow necessarily uniform 
over the surface of the metal; those spots where 
cracks are eventually to occur are doubtless the 
most highly deformed spots on the surface and 
probably vield quite different diffraction pat- 
terns than neighboring areas where there is less 
flow. Unfortunately, in most of the practical 
cases and in many laboratory experiments, the 
exact place where a crack is about to form can- 
not be predicted. The experimenter therefore 
lacks information that is vital in the interpreta- 
tion of his patterns, for he does not know 
whether his X-ray beam has happened to fall on 
a spot of maximum distortion or not, 

The experiments of Martin, cited above, by 
no means justify his conclusion that eventual 
failure can be predicted, because he tested no 
samples in the safe range of stresses, ignoring 
the fact that elastic limit in some materials is 
lower than the endurance limit. Wever and 
Moller reported two tests in the safe range of 
stresses and near the endurance limit; the pat- 


terns from one of these tests underw, 
siderable change after 18 million e 
stressing, but these authors chose to reg t] 
fact as an exceptional case of no sign 


rather than a direct confirmation of my joc 


and conclusions (at least in this first ) 
theirs on the subject). 

While I do not wish to discourage furt}y 
studies of X-rays in fatigue, I think it is impo; 
tant to realize the dangers and limitations 
accompanying any simple application of thy 
methods—to realize that, in general, there is yo 
assurance that a dangerous state of stressing 
will be detected, or that what appears dangerous 
may actually be so. If any circumstances exist ip 
Which X-ray tests could be relied upon in prae- 
tice, they can only be discovered by exhaustiy: 
laboratory tests using materials, stress distriby 
tions, and number of evcles that will be encou 
tered in practice. At the present time, no 
conditions have been found for which \-ray 
tests have been proved a reliable predictor o! 
fatigue failure. 

CHARLES S. Barner 


Metals Research Laboratory 
Carnegie Institute of Technology 


Fine Dispersion of Lead in Copper 


Caused by Lithium 


New York 
To the Editor of Mera. Progress: 

We have read with interest the article by 
Francis G. Jenkins on “Copper-Lead Beat 
Metals” appearing in the August issue of Mri 
ProGress, and the comments on this article )) 
J. L. MeCloud in September. 

The discussion vou have invited on bearing 
metals should prove of the greatest interest | 
both the manufacturers and the users. Mode! 
high speed internal combustion engines lay 
created a demand for a bearing material having 
higher physical qualities than the usu 
metal allovs. The industry has for seve! 
past devoted considerable attention to t! 
lem of a bearing material that will \ 
the increased temperatures and pressures © . 
oped in such engines. 

It is generally agreed that copper-! 
most excellent material for heavy dul) 
as well as for general use. Moreover, ¢! 
abundant domestic supply of both co} 
lead and the cost of these metals is cons 
less than that of tin, cadmium, nickel, s 
other metals commonly used for bea! 


Vetal Progress: Page 078 


t 


tofore considerable difficulty was 
red in their manufacture. The molten 

ad was stirred manually or mechan- 
i] id upon casting the metal was chilled 
hed in an effort to prevent the lead 
m settling out before solidification. The 
ral f the alloy depended upon a number 
vanable factors such as degree of stirring, 
TT temperature, mold temperature, time 
ipsed between cessation of stirring and solidi- 
atic which could be brought under control 


nly with the greatest of difficulty, and the 


rm Fine Dispersion of 40° Lead in Copper 
When Properly Melted Under an Atmosphere Con- 
ting Lithium. Magnification 1500 diameters; 
hed with aqueous solution of FeCl, and HCl 


esults obtained were therefore unsatisfactory 


d non-uniform. 

there has recently been developed a new 
eme for the production of copper-lead alloys 
ich overcomes these difliculties. Under this 
ocess the metals are melted under an atmos- 
ere produced by introducing into the furnace 


/a constant rate a lithium compound such as 


e carbonate. The lithium compound appears 
react with the furnace gases so that metallic 
im is absorbed by the molten metal, where- 


an internal automatic stirring of the metals 


‘kes place which continues until complete 


‘dification of the alloy. Quick cooling or 
iching is therefore unnecessary and the alloy 


form quality with an exceedingly fine 


‘persion of the lead within the copper grains. 
Siown herewith is a high power photo- 


vsraph of a specimen (produced under this 


sphere) containing 60°, copper and 40°, 
twill trace of lithium, <A 6x3x1-in. bar of 


i! on which various 500-kg. Brinell 


readings were taken near edges and down the 
axis showed six readings of 28.4 and one of 27.1, 
thus indicating uniformity of quality. The alloy 
is oxygen-free and, due to the fine dispersion of 
the lead within the copper grains, there is no 
segregation or sweating out of the lead at high 
temperatures or pressures. Physical qualities 


are as follows: 


Tensile strength S000 to 10,000 psi. 


Elongation 
Ultimate compressive strength 35,000 to 40,000 psi. 
Compressive limit 30 to 35° 


Brinell hardness (500-kg. load) 25 to 28 


This alloy can be readily cast onto a steel 
back and, due to the cleansing action of the 
trace of lithium present, a perfect alloy bond is 
formed between the bearing metal and backing 
material. 
J. Ness 
President 
Nesaloy Products, Ine. 


Ductile Zinc Coatings 


PALMERTON, Pa, 
To the Editor of Mera. Procress: 

I have had occasion to reread Mr, Schueler’s 
article on “Galvanized and Galvannealed 
Sheets” in the May issue of Merar Progress and 
Mr. Comstock’s very pertinent letter of com- 
ment in the August issue. It appears to me that 
perhaps this subject should not be dropped 
without some additional comment relating to 
two very important factors which have not been 
mentioned by either. 

Mr. Comstock refers to the toughness and 
malleability of the outer zine laver of a non- 
peeling, hot-dip zine coating in which bending 
produced cracks in the alloy laver but not in the 
outer zine layer. It is well known and is, of 
course, implied in Mr. Comstock’s statement that 
not all zine coatings are non-peeling. Readers 
familiar with galvanizing will know, but per- 
haps it should be pointed out to others, that the 
ductility of the outer zine laver is dependent 
primarily upon its purity and that the use of 
high grade zine in wire galvanizing for the pro- 
duction of heavy adherent coatings is based on 
this fact. 
impurity which, in the lower grades of zine, 
causes lack of ductility in the outer zine layer 
Special 
high grade zine and certain brands of high grade 


Cadmium is the common natural 


with consequent cracking and peeling. 


zine are substantially free from this impurity. 
The second factor which deserves comment 
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is the fact that the alloy layer may be of uniform 
or of very irregular thickness and that the 
boundary between the alloy laver and the under- 
side of the outer zine coating may therefore be 
The effect 


of such notching on the cracking of galvanized 


smooth or may be deeply notched. 


coatings has been well demonstrated. The uni- 
formity of the alloy laver can be controlled to a 
large extent, since it depends on the smoothness 
of the steel base at the moment it enters the 
galvanizing bath. For example, wire that has 
been protected from rust after drawing and 
which has required a minimum of pickling to 
render it chemically clean, alloys with the zine 
to produce an even, dense layer of alloy. If the 
zine is of proper purity, the result is a coating 
with good bending properties. A badly rusted 
wire, on the other hand, will require more dras- 
tic pickling and the roughened wire surface will 
alloy more rapidly and irregularly to produce 
an alloy laver which deeply notches the zine 
coating, and this is reflected in poor bending 
properties. 
W. M. Peres 
Assistant Chief of Research 
New Jersey Zine Co. 


Refractory Cast lrons 


To the Editor of Mera. Progress: 

From the data available in technical litera- 
ture, it appears that American and European 
practice differ somewhat in the field of cast 
irons resistant to high temperatures. 

Refractory cast irons, as they are called in 
Europe, may be divided in different classes 
according to their degree of heat resistance. 

Ordinary gray cast iron and high mangan- 
nese, pearlitic cast irons can hardly be consid- 
ered as metals resistant to high temperature. 
In general practice, therefore, the simplest class 
of refractory cast irons is formed by the low 
chromium irons, containing from 0.7 to 1.0°, 
chromium, and about 1.5‘ silicon. They gener- 
ally show a short-time tensile strength of about 
90,000) psi. at room temperature, which is 
reduced to about 33,000 psi. at 1100° F. More 
largely used in Europe on account of their better 
machinability are the nickel-chromium irons, 
containing 0.7 to 1.0% chromium and about 
2.0.) nickel. 
metal of this class is the following: Carbon 3°, 


A typical analysis of a favorite 


silicon 1°, manganese 0.9°7, phosphorus 0.15%, 
nickel chromium 


The second class includes cast ir 
taining between 7.0 and 15°) chromium. Th, 
keep the structure of a white iron up to ty 
highest temperatures and resist corrosjc; 


hot oxygen excellently. They are largely yso 
in Italv, and somewhat less’ extensively 


France. The typical average compositio 


this metal is the following: Carbon 3.5 . silje 


manganese 0.5°7, phosphorus eh; 
mium 

The third class is formed by the ferriti 
high chromium irons, containing from 30 
chromium and about 2% carbon. 
account of their composition they are general! 
melted in the electric furnace. They shoy 
excellent refractory properties. Their structur 

consisting of very stable carbides embedded 
in a mass of chromium-ferrite — does not 
change at temperatures even approaching th 
melting point (this last) being considera}! 
liigher than the melting point of gray iro) 
These irons have been studied quite carefull 
in Germany and Czechoslovakia, and have bee: 
rapidly adopted in all European countries 
Their tensile strength exceeds 55,000. psi 
room temperature, and remains above 20)! 
psi. at 15007 F. 
show an extremely high resistance to oxida! 


in short-time tests. They als 


The fourth class includes the well-kno 
nickel-chromium-copper austenitic cast irons 
The composition more generally used in Europ: 


for these alloys is about the following: Car! 
2.5',, silicon 2.5'°, manganese 2°, phospho 
nickel 15°), chromium 3%, 


In addition to their excellent refractory prop 


coppt I 


ties, these cast irons show a very high resista 
to reaction with various chemicals. Their 
sile strength is about 42.500) and 
changes but little at higher temperatures, ¢) 
up to 1300° F, 

In addition to the alloys included 
above-mentioned four classes, the high s!! 
and high aluminum cast irons are pretty 
used in Europe, especially on account! 
low cost, when high tensile properties 
required. The high silicon irons, co! 
from 6 to 9% silicon, show good re! 
properties, and high resistance to 0% 
but their tensile strength hardly exceed 
psi. Cast irons containing about 7‘ al 


have been used in some particular 
Europe, but their applications are still 
notwithstanding their good refractory Pp! 
Freperico Grol! 

Consulting Metallurgica 
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The Creusot Centenary 


Panis, France 

itor of METAL PRroGREss: 

vear 1936 marked an important anni- 
in the history of French metallurgy, as 
vell as of metallurgy generally — namely, the 
ith anniversary of the founding of the 
Creusol Co., now an organization so well known 
to constitute a symbol of the best type of 
tallurgical enterprise. 

Qn such an occasion it might be opportune 


1) recall some important discoveries made by 
the staff at Creusot, discoveries whose origin is 
undoubtedly forgotten or ignored by the present 
venerauion, 

Velallurgical Apparatus — The steam ham- 
ner was invented in 1838 by Bourdon, a Creusot 
nvineer; the first industrial steam hammer, 
with a weight of about 3 tons and a height of 
fall of 2 meters, was in operation in the Creusot 
orge shop in 1848. 

rhe problem of the revolving puddling fur- 
we, unsuccessfully studied by Menelaus, 
lowlais and Danks, was solved industrially in 
i875 by Bouvard, steel works manager for the 
Schneider Co. The Bouvard furnace had a 

iter-cooled double wall and a partial partition 
likewise water cooled) which permitted the 
iechanical separation of the charge into two 
valls which could be easily handled. 

Velallurgical Products — Substitution = of 
siecel for bronze in the manufacture of gun tubes 

is the result of methodical and conclusive 
\periments carried out in 1873 at the Creusot 
rks upon 75, 78.6 and 95-mm. guns. These 
ere completely fabricated in this plant using 

e\tra soft or a medium steel made by the 

d Martin process, with tensile strength as cast 

000 to 75,000 psi. The President of the 

rd French Republic, Louis-Adolphe Thiers, 
‘rote a personal letter to congratulate M. 
whneider on this achievement. 

lhe Creusot Co. was the first to produce 

ckel steel industrially to obtain better mechan- 
il properties and higher hardness penetration. 
‘tere also tests were made on molybdenum 
‘eels, and these steels were produced indus- 
lly in the openhearth furnace and were 
Mriecated for various important applications. 
num-chromium steels were also origi- 
‘led at Creusot. 

Perhaps the most important contribution of 
He Creusot Co., however, was the perfection of 
‘mor plate. Creusot made the first armor plate 


of iron in 1854, and in 1876, on the occasion of a 
competition opened by the Italian Navy, pro- 
duced the first steel armor plate. Nickel steel 
armor plate was developed in 1890 and success- 
fully passed the tests made at Annapolis. These 
improvements were all adopted by other manu- 
facturers. 

More recently, Creusot has developed a 
nickel-chromium-molybdenum steel armor plate 
which can be hardened to the required depth in 
thick plates without the time-consuming cemen- 
tation of the outer surface. 

Furthermore Creusot, in addition to its 
metallurgical departments, has some machine 
shops containing very powerful equipment. 
From a historical viewpoint it might be interest- 
ing to point out that in 1838 these shops built 
six 14-ton locomotives for the Saint-Germain 
Railway; these were the first locomotives manu- 
factured in France for the French Railways. 

We shall not discuss here the discoveries 
made at Creusot concerning heat treatment, 
such as carburizing with illuminating gas. The 
laboratories have originated some very impor- 
tant studies of a purely scientific nature. We 
might quote in chronological order: The study 
of the tensile properties of materials by J. Barba 
(1880); the fundamental and classical studies of 
Osmond and Werth on the cellular structure of 
steels, which may be considered the origin of all 
micrographical studies of steels (1885); and 
Saladin’s research on the determination of crit- 
ical points of plain and alloy steels (1904), 

ALBERT PORTEVIN 


E-ditor 
La Revue de Métallurgie 


Tensile and Endurance Properties 


of Cast Al-Si Alloy 
CLEVELAND, OHIO 
To the Editor of Procnress: 

I note on page 258 of the September number 
of Merat Progress, in the article entitled “New 
Aspects of Fatigue and Creep” by John M. 
Lessells, errors in the table giving properties of 
a few important aluminum alloys. The tensile 
strength of cast alloy S.A.E. 35 with a composi- 
tion of 5‘ Si is given as 9000 psi. This should 
be 19,000 psi. This makes the correct endurance 
ratio approximately 34°. instead of 72‘. as indi- 
cated in the article. 

These errors would be quite obvious to any- 
one familiar with aluminum alloys, particularly 
because of the high endurance ratio. The 
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endurance ratio for most aluminum alloys, cal- 
culated from data obtained on the basis of 
D00,000,000 reversals in an R. R. Moore type of 
fatigue machine, is usually less than 50°.. That 


the errors are not, however, so obvious to those 

unfamiliar with aluminum alloys is evidenced 

by their appearance in the article in question. 

For this reason I believe it desirable that atten- 
tion be publicly called to the discrepancy. 
L. W. Kemper 

Research Laboratories 

Aluminum Co. of America 


Hardening of Steel 
Theory and Practice 
SCHWEINFURT, GERMANY 
To the Editor of Mevat Progress: 

In undertaking to prepare a report on the 
theoretical and practical aspects of hardening, 
one is confronted with such an abundance of 
new material and new ideas that it is impossible 
to present a comprehensive summary in a short 
space. Hence we are limited to brief sketches 
of the present status of steel hardening, supple- 
menting those considerations advanced in 
‘arlier letters to Mrerat Progress. 

Theory — On the basis of work done by E. 
Maurer in 1920 in in 
Diisseldorf (Kaiser Wilhelm Institute for Iron 
Research) a theory was developed to explain the 
reactions during the quenching of steel, which 
is recognized today by nearly all metallurgists 
as “Maurer’s hardening theory.” According to 
Maurer, the carbon, in quenching, remains dis- 
solved in alpha iron, that is, atomically dispersed 
in martensite. An increase in volume is thereby 
caused which affects the internal stress or inter- 
atomic stress — an uttermost type of cold work 

and so induces a rapid increase in hardness. 
A similar interpretation was given by O. Thall- 
ner as early as 1898. 

With the technical development of instru- 
ments capable of measuring and recording the 
effect of rapid cooling, as well as with the devel- 
opment of magnetic and X-ray methods of test- 
ing, it became possible to investigate on a wider 
scale the phenomena of sudden changes in 
hardness during the quenching and tempering 
of steel. F. Wever and his colleagues carried on 
such investigations at the same Institute. Their 
experiments confirmed the Maurer hardness 
theory which, as a result, forms the basis of the 
present conception of hardening. Wever and 
Engel’s investigations paid particular attention 


to hardening and tempering, especially 4), 
so-called “graded hardening,” or “int rupted 
hardening” — that is, quenching in warm baths 

In the space lattice for martensite, as devel. 
oped by the X-ray investigations of Hanemay 
and his associates U. Hofmann and H. J. Wiester 
itis shown that the y-phase has the same carho; 
content as the austenite from which it origi. 
nated. The conclusion is that the carbon jx 
forcibly dissolved in alpha iron, a conceptioy 
with which E. Maurer agrees. 

Hi. Esser and W. Eilender and their asso. 
ciates at the Technical High School in Aachen. 
and H. Hanemann and his associates at th: 
Technical College in Berlin carried out fur- 
ther investigations. They support the hypothesis 
that martensite consists of a highly dispersed 
heterogeneous mixture of cementite and dis- 
torted tetragonal alpha iron particles. Accord. 
ingly, the high hardness of the quenched stee! 
can be explained by the blocking of the slip 
planes in the distorted alpha iron by the pre- 
cipitated cementite particles. Lattice stresses 
and cold work, on the other hand, are considered 
to be less determining factors. 

The voluminous researches on the quench- 
ing process produced many diagrams and 
curves; data from only one of which can |x 
reproduced here, showing the location of th: 
Ar” temperature in relation to the carbon con- 
tent. In this tabulation the results of Weve: 
and Engel, Hanemann and Wiester, and Esser, 
EKilender and Spenlé agree very well for tl 
temperatures at which, with minimum critica: 
quenching speed, the undercooled austenite wi! 
decompose to martensite. 


CARBON CONTENT TEMPERATURE OF Ar 


650° 1200° F 
470° C. 880° F. 
0.2% 400° ( 750° F. 
0.4% 620° F. 
0.6 230° C. 535° F. 
1.0% 190° ¢ 375° F. 
1.4% 265° F 
70> ¢ 160° 


Investigations by E. Scheil in the res 
laboratory of the United Steel Works 
mund and in the K.W.L-Metallforse! 
Stuttgart led to the theory that the trans 
tion of austenite to martensite is evoh 
stresses which are caused by quenching 
as by the differences in volume w! 
between martensite and austenite. The east 
in volume in the transformation provo! 


ther heat stresses. (Continued on pc 
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It “couldn’t be done’ —so MOLY did it 


Parallel to the difficulty of putting square Doing the unusual—saving material; increasing 
peg into round hole was the problem of a ma- weight, strength ratio; simplifying fabricating 
chinery manufacturer who needed a stronger processes; speeding production and reducing its 
gear, when space limitations prohibited costs—all have become a regular thing in the 
making it larger. fast-moving history of industry’s most versatile 


A Manganese-Moly steel was used— alloying element. Steels and irons containing 
and the problem was solved! ... Without Moly are demonstrating their many advantages 
increase of size or weight, the needed both in the making and in the performance of 
Strength was obtained. many important products and equipment parts. 


Our free technical book, “Molybdenum,” will prove useful to engineers and production heads interested in cost cutting and 
product improvement. Our monthly news-sheet, “The Moly Matrix,”’ keeps readers informed on Moly developments. 
Consult our laboratory when ferrous problems get tough. Climax Molybdenum Company, 500 Fifth Avenue, New York City. 


PRODUCERS OF FERRO-MOLYBDENUM, CALCIUM MOLYBDATE AND MOLYBDENUM TRIOXIDE 


Climax Mo- -um ‘Company 
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PERSONALS 


Made chief engineer and fac- 
tory manager of tube cleaning 
department, Elliott Co., Spring- 
field, Ohio, plant: Paul T. Keeb- 
ier @, formerly tube cleaner engi- 
neer at Jeanette plant. 

Transferred from Los Angeles 
plant to Oakland plant of General 
Metals Corp.: H. M. Nystrom ©. 
sales department. 


Massena, 
Aluminum Co. of 
America to New Kensington, Pa., 


Transferred from 


N. Y., plant of 


plant: Thomas F. McCormick 6, 
metallurgist in extrusion depart- 
ment. 


Albert E. Winslow @ is 
research engineer in charge of 
the development and design of 
rayon machinery for Atwood 
Machine Co., Stonington, Conn. 


Gerald U. Greene @ has 
accepted the professorship in 
metallurgy at Fenn College. 


HIG 


- cutting quality 
‘stability | 


Phone or write today for Free 
Working Sample of this low priced 
modern soluble oil. 


D. A. STUART OIL CO. Lid. 


CHICAGO, U.S. A 


in Principal 
NaN Industrial Centers 


EST. 1865 
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Studying toolsteel manufac 
at Sanderson Works, 
Steel Co. of America, Syraey, 
preparatory to sales work: EB, Ro 
Wildeman @, formerly in the , 
control department of the Ay 
plant. 


( ruc 


R. O. Griffis formerly 
Detroit, has been made 
metallurgist of the new hot » 
cold strip mill plant being erect, 
by Richard Thomas & Co., Lty 
London. 


P. R. Wray @ has been trans 
ferred to Pittsburgh to be wit 
Carnegie-Illinois Steel Corp., alloy 
division. 


Herbert W. Whitney ©. | 
merly metallurgist at MeCormic! 
Works of International Harveste; 
Co., is now metallurgist for Bliss 
& Laughlin, Harvey, Il. 


Promoted by Lamson & Ses- 
sions Co.: George S. Case, Jr, 
made vice-president and genera 
manager of the subsidiary bol! 
company in Birmingham, Ala 


William M. Olsen, made vic 
president and general manager o! 


the Chicago subsidiary; G. Rider 
Neff, made manager of the st 
bolt and machine 
department; Alexander M. Smith 
S. assistant general man 
ager of the Chicago subsidiary 


screw sales 


Gustav Laub has bee! 
appointed assistant vice-presicen 
and general manager of sales ! 
Vanadium Corp. of America 


Superintendent) of the he 
extrusion works being bu! 
Aluminum Co. of Amer 
Lafayette, Ind.: H. B. Kahie, © 
head of the Arnold, Pa., extrus! 
department. 


Mayne © has be 
offices 


Dwight C. 
transferred to the Columbus 
of Brown Instruments Div's! 
Minneapolis-Honeywell 
Co. as sales engineer. 


William H. C. Webster @ 


now an observer in the Depart 
ment of Metallurgy, Carnest® 
Illinois Steel Corp., Ob Vorks, 
Youngstown. 

D. C. Dilley @ has take) pos® 
tion as assistant to A ‘olph I 


Buehler, Chicago. 
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DU PONT CYANIDES DEVELOP EXTREME 
WEAR-RESISTANCE WITH NITROGEN 


| HE rear pinion of an automobile stands 
the hardest wear of any part in a ear. 
Through this gear the intense driving 
power of the engine is transmitted. No 
wonder it must have extreme resistance 
wear 
\t present the customary practice in 
eating a | ypoid gear is to pack carburize 
btain a deep case. The carburized 
iré allowed to cool slowly in the 
tes. Then, they're removed and re- 
ted ina Du Pont ¢ vanide bath. 


this Cyanide bath in addition to 
ing as a reheating medium produces 


rided skin of high wear-resistance on 


the surface of the gear. No finishing is 
required. The bath is non-corrosive and 
leay es ne scale. 

Du Pont Cyanides are reliable. Their 
guaranteed content permits molten bath 
preparations of known strength. Proper 
control of the time of immersion and 
temperature, impossible with other 
methods, gives the exact treatment 
desired. 

Our Technical Service Staff will gladly 
cooperate with you in the selection and 
use of the proper Du Pont Cyanides to 


meet your particular shop conditions. 


The R. & H. Chemicals Department 
1 ated PONT DE NEMOURS & COMPANY, INC. 
Wilmington, Delaware 


R & H CYANIDES 


CYANEGCE* 
Sodium Cyanide, Minimum 
Strength, 96°; 


Cyanide Chloride Mixture 
75°) Sodium Cyanide 


Cyanide Chloride Mixture 
15° Sodium Cyanide 
Du Pont Case Hardener 
30° Sodium Cyanide 

"Reg. U.S. Pat. Of. 


Newark, New York, Philadelphia, Pittsburgh, San Francisco 
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Appointed professor of metal- 


at Massachusetts Institute 


of Technology: John Chipman &., 
formerly associate director of 
research for American’ Rolling 

Ralph L. Wilson, @ trustee and men Co. 
formerly metallurgical engineer Gerhard Ansel &, previous!y 
of Timken Steel & Tube Division connected with the Metals 


of Timken Roller Bearing Co., is Re 


now with Climax Molybdenum In 
Co. as metallurgical engineer in 


the development field, making his ca 


headquarters at Canton, Ohio. 


9 Lives for 
Chapmanizing 


to 


1 for Carburizing 


‘search Laboratory of Carnegie 


stitute of Technology,  Pitts- 


burgh, has joined the metallurgi- 


| stalf of the Dow Chemical Co., 


Midland, Mich. 


In onty | to 4 hours, Chapmanizing imparts a ductile-tough case to 


free-machining steel that outwears a carburized case 9 to ] 


its own with costly nitrided allovs 


T he process 1s simple 


.and holds 


nitrogen is added to iron-base alloys by heat- 


ing the metals in the presence of nitrogenous material. Bath retains long- 
term stability. Parts come out silver-clean, free from soft spots. They can 


be benr, straightened or abraded without 


cracking or warping. And they 


require less time for machining and finish-grinding 


Chapmanizing involves no special fur- 
no investment Simply install the 
Chapmanizer Unit on a contract basis, 


nace 


hook it up to your present furnaces. Find 
out whether this patented process can cut 
your costs and improve your product as it 


is doing for others. Write for new book 


“she 


MANUFACTURING 
INDIAN ORCHARD. 


PMAN 


MASSACHUSETTS 


Case Depth, 4 hours 
of Chapmanizing on 
SAE 1315 steel 


Case Dey th, 1 hour 
ore hapmar 
SAE 1315 steel 


COMPANY 


on 


U. S. A. 
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R. C. Solomon, Jr. & has | 


minated employment with | 
Granite City Steel Co. and is py 
in the metallurgical dey 
of the Tennessee Coal, |) and 
Railroad Co., Ensley, Als 


With Briggs & Stratton Corp. 
Milwaukee: Walter E. Steffens 8 
formerly with the Murphy Dies, 
Co., Milwaukee. 


Promoted by American Steel & 
Wire Co.: J. R. Thompson 6. | 
assistant manager of the meta! 
lurgical department at Cleveland 
L. H. Dunham ®&, to district 
metallurgist, Chicago district: R 
H. Barnes @, to district metal- 
lurgist, Cleveland district: and 
R. R. Leo @, to assistant division 
metallurgist at Cleveland 


E. R. Torgler @ has been pro 
moted from metallurgist to fa 
tory superintendent of S. BR 
Dresser Co. 


R. R. LaPelle @ has joined th 
stall of the Gas Machinery ( 
as a furnace engineer. 


John Howe Hall has resigned as 
technical assistant to the 
dent, Tayvlor-Wharton Iron & 
Steel Co., to 
ing practice as metallurgical engi- 
heer. 


presi- 


engage in consult- 


John S. Roney of Cleveland has 


become manager of industrial 
sales for Park Chemical Co 
Detroit. 

Now with the Marietta Mig 


Corp., Indianapolis: M. N. Gould 
©. formerly with Ball Bros. © 
Muneie, Ind. 


Assigned to the Cincinnati offic 
of Timken Steel & Tube Division 
of Timken Roller Bearing 
Robert R. Elsasser 


Thomas E. Cooper @ is 10 
doing sales work for Air Red 


tion Sales Co. in Cincinnal 


Promoted by Rheem Mis 
R. D. Patterson &, 
tenance engineer at So 
to production man 
Houston. 


Wilson Lynes &. ! 
metallurgist for Henry ! 
Sons, Ine., is now in the 
and development depar! 
Revere Copper & Bi in 
Rome, N. Y. 
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You protect your own good interest, when 


you specify Chrome! —for the heating elements 
of your electric furnaces; for your thermo-couples 

and lead wire; for your pyrometer protection tubes; 
and for your general heat-resistant castings. For about 
30 years we have put almost all our efforts on this one 

alloy, which meets three basic needs of the average metal 
working plant. . . . We have just issued a new Catalog 
IL which contains a lot of very useful and usable information 
When you write for your copy, please tell us in what you are 
particularly interested, as regards Chrome! Hoskins Manufacturing 


Company, Detroit, Michigan 


November, 1937: Page 687 


| 
2 
al H Oo Ss K I 
4 ‘ 
q 
( 
: 
. THE THAT MADE ELECTRIC HEAT POSSIBLE a 
| 
“a 


STEEL HARDENING 


(Continued from page 682) 

Scheil’s work reached a definite conclusion 
in 1935 and 1936 when he was able to hear the 
martensite transformation through micro- 
phone and loud-speaker. The sudden change 
in structure caused by the transformation gave 
weaker and louder sounds in more or less rapid 
succession. 

A summary of German thought may be 
found in two books, one by E. Houdremont, 
“Einftiihrung in die Sonderstahlkunde,” and one 
by P. Oberhoffer, “Das technische Eisen,” Third 
Edition by W. Eilender and H. Esser (already 
reviewed in Mrerat Progress). These books dis- 
cuss a great many investigations, and fairly 
complete information on the present status of 
thought in Germany may be found in them, An 
exhaustive discussion of the latest information 
on hardening and tempering of steels is likewise 
found in Gmelins’ “Handbuch der anorganischen 
Chemie.” Section No, 59 on Tron. 

Hardening Methods in Practice Harden- 
ing methods may be classified for two large 
groups of steels as follows: Direct hardening 
steels and casehardening steels. Contrary to 
American practice, the direct hardening steels 
are used in Europe for many purposes, particu- 
larly because parts of high strength and simple 
practical requirements can be manufactured 
from them more cheaply. 

Nevertheless, substantial improvements in 
casehardening methods are responsible for very 
extensive use of this process. Powdered carbon 
of all types, salt baths, and gases are used for 
cementation. Most processes provide for the 
diffusion of carbon to form the hardened sur- 
face, but nitrogen is also used to a lesser extent. 

Nitrogen hardening, which was developed 
by the Krupp company —and also double 
nitriding for special parts has received a 
great deal of attention. These matters were dis- 
cussed in special issue of Technischen 
Mitteilungen Krupp for July 19338. 

Graded hardening, which came into use in 
Germany as the result of work by Wever and 
Engel, has already been discussed in my letter 
to Mrerat Progress (March 1933). 

Next to hardening, tempering also 
accorded particular attention, since it exercises 
a decisive influence on the soundness of manu- 


factured parts. 


The following factors are necessary jy». 


to be hardened: 

1. Attainment of the desired strenyt) 
hardness, toughness, elongation, corr 
resistance, and other properties, 

2. Minimum distortion in hardening. 

4. Minimum distortion of the manufactured 
part either in storage or in operation by so-called 
aging —-that is, deformation caused by alte) 
tion of stresses in the structure. 

While formerly hardness was judged in {hy 
production line by the fracture test and the fil 
hardness test, the microscope is used in ma 
shops for continuous hardness control, since thy 
degree of refinement now required can only 
be obtained with the microscope. Furthermore. 
studies of structure and hardness made on » 
tempered test specimen give more informati: 
concerning actual hardness than direct hardness 
testing. Considerable improvements have thus 
been made in recent years. Partly responsibl 
for this development is the fact that the harde: 
ing foreman and the metallurgical enginee: 
have worked together in the shop. 

Chemical composition of the steel and th 
annealed structure are carefully watched, sin 
slight changes in alloy constituents are likely to 
result in an improper structure when hardened 
In the production line carbon content unde! 
0.35°> is not permissible if a uniform hardness 
of about Rockwell C-10 to C-50 is to be obtained 
after hardening and tempering. Steels with 0.50 
or 0.82. carbon are very likely to be afflicted 
with soft spots. 

Heat Energy and Furnaces — Dependin 
on economy, geography, requirements fo! 
quality, and operating conditions, our furnaces 
are fired by coal, producer gas, oil, central ste 
tion gas piped from a distance (see Mets 
ProGress, February 1931), city gas or electry 

Significant improvements haye been 1 
in all types of furnace construction, Speci! 
attention, however, has been paid to gas 
electric furnaces, and the direct use of coa! 
of oil has been losing ground. Gas | 
furnaces have long been preferred becaus 
the controlled atmosphere they may Pp! 
The new electrically heated furnaces, how 
also can operate with a specially manuta 
protective atmosphere. 

Choice of gas or electricity as a so 
energy today, therefore, is made less !! 
standpoint of quality of the work than 
standpoint of economy. This questio! 
whether gas or electricity (Continued 0! 
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Furnaces 
_.. of all types 


We build furnaces for hardening. tem- 
oering. annealing, normalizing, forging. 
stress-relieving. extrusion, coloring, and 
sther industrial applications. Many 
-ompanies have profited by the oper- 
ating advantages of our furnaces. 


Pictured on the right is a line-up of 
nine of our pot furnaces at Commercial 
Steel Treating Corporation, Tireman 
Avenue, Detroit, Michigan. These are 
18 inch by 18 inch pots, and also 16 
inch by 16 inch pot furnaces, having 
alloy pots with a curved flange setting 
over an angle shaped alloy ring. 


Let us send you complete details about 
these and other types of our furnaces. 


We will be glad to quote on your re- 
quirements and help with your furnace 
installations. Just drop us a line. 


PROBLEMS in HARDNESS TESTING 


Solved at Minimum Cost Our Bulletins Tell How 


For 100°) portable hardness testing for metals the 
SCLEROSCOPE is used the world over, described in 
our bulletins S-22 and S-.30. 


CONTROLLER 


For testing rubber our bulletins R-4 and R-5. 

For testing the Qualitative and Quantitative hardness 
under the static method of all known materials including 
dead soft or superhard metals, sub-surface testing, etc., 
send for bulletins M-3, M-6 and M-7 descriptive of the 
MONOTRON, now in general use. 

| 
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Here isa very mod- 
erately priced simpli- 
fied Controller, which 
operates on the elec- 
tronic principle sim- 
ilar to a radio. 

It controls electric heat directly, or oil or gas fired 
units with motorized or solenoid valves. A red bull's 
eye indicates whether the heating unit is on or off. 


It has no motors, no depressor bars, no contacts to 
stick or become inoperative. The temperature indi- 
cating pointer is free at all times to give continuous 
indication and hair-line control. 


WRITE FOR BULLETIN NO. 3197 


a on " from this line will definitely meet with your requirements 
THE SHORE INSTRUMENT & MBG. CO. ILLINOIS TESTING LABORATORIES, INC. : 
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STEEL HARDENING 


(Continued from page O88) 
is preferable has been very extensively dis- 
cussed in the technical literature. 

Modern German electric furnaces, for 
instance, are summarized in Siemens Zeitschrift, 
Berlin, June 1937. In addition to melting fur- 
naces, the article thoroughly covers annealing 
and hardening furnaces from the simplest muffle 
furnace to tower furnaces about 50 ft. high for 
bright annealing and tempering of strip steel in 
the production line. Progress, April 
i932, also contains a few thoughts on certain 
tvpes of German hardening furnaces. 

The subject of gas heating ts treated in a 
special issue of Technischen Mitletlungen 
Krupp, (No, 20, 1935). A second special issue 
(No, 2, 1936) is similarly devoted to the subject 
cf heating with electricity. 

Quenching Machines — Cooling of steel 
parts for the purpose of hardening was formerly 
done in simple containers filled with oil, water, 
or other medium, In consideration of the 
importance of proper cooling of the part to be 
hardened, these simple operations have been 
developed into more and more ellicient mech- 
anisms capable of exact work corresponding 
lo the requirements for quality and economy. 
The quenching medium has been set in motion 
hy means of pumps and propellers in order to 
obtain the desired uniform cooling. Housing 
pins, dies and other suitable apparatus are used 
in order to reduce distortion of the part being 
hardened to a minimum. Quenching machines 
are generally made by firms specializing in this 
line, but are sometimes designed in the plant 
with a view to individual problems which might 
exist. Development in this field is not vet fin- 
ished; the next few vears will certainly witness 
substantial progress. 

Tempering Equipment — Methods of tem- 
pering, as well as quenching methods, have also 
received ever-increasing attention both to 
theoretical knowledge and practical experience. 
Corresponding to improved hardening and 
quenching apparatus, modern equipment for 
tempering has come into existence in which the 
use of high and low temperatures and the time 
of tempering are more significant than the type 
of tempering medium. 

HANS DieRGARTEN 
Chief Metallurgist 
United Ball Bearing Works (SKF) 
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Industry's New Horizon 
Lies Southwestward.... 


The Southwest—and South Texas in particular—is 
new country for the industrialist, but not an uncharted 
industrial wilderness. An already considerable indus 
trial development has proved the Texas coast country 
as industrial territory: industries-on-the-ground showed 
the way to pioneer immigrant industries, and these 
have blazed a trail which others are beginning to 
follow in increasing numbers. 

It will pay you to investigate the diverse natural 
resources of South Texas for your own company. For 
the next year—but possibly not longer—new indus- 
tries on the Texas Coast will still be pioneer indus- 
tries, with the pioneer’s rich opportunities. To assist 
you in your investigation, we will prepare for you a 


highly individualized, strictly confidential survey o! 


South Texas, its resources, its markets, its various 


industrial facilities. The survey will be factual, ac 


curate, specially compiled to furnish you with the 
exact information your specific company requires. To 
secure a survey in time to make plans for nex! yea 
(each takes about 30 days to prepare), send for yours 
cost 


as quickly as possible. There is, of course, neither 


nor obligation. 


HOUSTON PIPE LINE CO. 


Subsidiary of Houston Oil Company I 


Wholesalers of S 
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STANDARD CONTINUOUS 
HEAT-TREATING 


Consists of Hardening Furnace, Quench Tank 
for oil or water, and Convection Type Drawing 
Furnace. All conveyors allow for treating work 
from 14" diameter x ¥2” long to pieces 24” wide 


x 36” long. 
* 


We can design Batch Type or Continuous Fur- 
naces to meet your specific requirements. 
Submit your problem to our Engineers. 


3348 STOKLEY ST. ¢ PHILA., PA. | 


PHILADELPHIA DRYING MACHINERY CO. 
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PARK-KASE 


| Points of Superiority 


ECONOMY 


Low Volatilization Loss 
Small Drag Out 


Rapid Penetration 
Low Heat Loss 
Reasonably Priced 


UNIFORMITY 
Laboratory Controlled Manufacture 


RAPIDITY 
.015” case depth in 1hr. at 1550 F 


SIMPLICITY 


No other materials required 


ELIMINATION of FUMES 


Maintains its own carbonaceous cover 


CLEANLINESS 


Parts easily cleaned from oil or water 
quench 


INCREASED POT LIFE 


Distinct saving of time and money 


= 


Specialists for over a quarter of a century in 
complete line of Steel Treating Products— 
Quenching Oils 
Tempering Oils 
Pressed Steel Pots 
Furnace Cements 
Carbon Preventer 


Carburizers 

Lead Pot Carbon 
Cyanide Mixtures 
Neutral Salt Baths 
Metal Cleaners 


PARK CHEMICAL CO. 


DETROIT 
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CANS FOR FOOD 


(Continued from page 660) 
undertaken, and the difficulty was found to be 
due to a particular method of manufacture of 
the steel base. Other factors such as the thick. 
ness of the tin coating and differences in chemj- 
cal composition of the steel base caused minor 
but measurable variations the corrosion 
rate, but the method of production of the steel 
base had so marked an effect that other varia 
lions were insignificant. This research, though 
time consuming and costly, paid for itself many 
limes over, as it gave an answer to a question 
for which the right answer was imperative. 

In closing may I suggest a few lines along 
Which it seems as if metallurgical research 
would be profitable?) Why is a tin can neces 
sary? Tin is costly and is a strategic material of 
which we have no domestic supply. Is no other 
material suitable for the preserving of food? 
Aluminum alloys are certainly possible but at 
present too costly. Some grades of stainless 
steel would be quite satisfactory but again ar 
too costly for this purpose. Would it not be 
possible to produce at a reasonable cost duplex 
sheets with the corrosion resistant metal rolled 
into the steel base? Or again why not use an 
untinned steel can? Automatic welding methods 
could surely be developed to make the fabrica- 
tion simple and solderless. A steel can would 
be unattractive on the grocer’s shelf and would 
soon rust but could it not be protected by a 
suitable varnish at a cost less than that of tin? 
Hlow about an oxide protection of the Parker- 
izing type? Housewives might object to a black 
can but could probably be educated. 

Are all the metals used in the canning 
operation itself wholly satisfactory? Cannot! 
cookers, steam kettles, screens, pipe lines and 
other pieces of equipment be improved? = I 


a 


such questions as these could be answered 
sure basis of future progress would be le 
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